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tained, as ‘‘ Compressed Air,” from which these papers have been compiled, has endeavored 
to record the everyday experiences of engineers familiar with the handling of compressed 
air apparatus. These experiences cover a wide field, and are not simply the opinions of a 
few men but those of many, hence it is believed that the collection of this data in one book 
will prove of service to the engineer and student. 


NOW READY 
PRICE OF COPY, $5.00. - - POSTAGE FREE. 





wre? ee PP ee PP 


LIDGERWOOD M’F’G CO., 


Boston. . Chicago. 
Philadelphia. 96 Liberty Street, Portland, Ore. 


Cleveland, O. New York. New Orleans. 
STANDARD 


High-Speed 
Hoisting 


Cableways, 


Hoisting 


‘ AND 
Engines. 


| < es = ia) Wo r 
Built on the Be CONC Nr Conveying 


Duplicate ~ ed yes 
% : ol i x : 
Part System. > gee Devices, 
For Canal and Trench sane wil Dam Constonctica, Wall and Pier Building, Mining, 
trying, Logging, and General Contract Work. 


PuaP Pare? Pe ae oP ee eneearsiem 


rske Bother helning C0. 


NON-CARBONIZING OIL_-~ 


~ 
FOR USE IN AIR CYLINDERS OF : 
: 
| 





| 
: 
| 
: 
: 


< AIR COMPRESSORS, 


Also All Grades of Lubricants for use on Machinery 
Propelled by Compressed Air. 


Office and Salesroom, No. 59 WATER ST., NEW YORK, U. S. A. 


CABLE ADDRESS LONDON SOLE AGENTS FOR SCOTLAND: 
“LUBROLEINE.”’ 9 NEW BROAD STREET, JOHN MACDONALD & SON, 
r LONDON, £.Cc, GLASaow, SCOTLAND. 


ats Veh Ret etetats RARE RRR RRR RARER REAR TE RRR RRR OE RRO Rel 




















COMPRESSED AIR. 








ALLIS-CHALMERS (0. 


= SUCCESSOR TO 
THE EDWARD P. ALLIS CO., FRASER & CHALMERS, — GATES IRON. WORKS, DICKSON WF'G Co., 
MLW CHC AGO, TLE. SCRANTON, PA; “4 


AUKLE, WIS. CHICAGO, TLL. 











SOLE BUILDERS OF 


REYNOLDS AIR COMPRESSORS 
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* An Important Connecting Linkin Compressed Air Service. 


‘Moran Flexible Joint 


For high pressure, indispensable. 





Tightness, safety, flexibility and durability 
assured. 


Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 


MORAN FLEXIBLE STEAM JOINT CO., 
a - - - : - KENTUCKY. 
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“The Contractor’s Friend.’ 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 
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Recent Important Improvements. 





The Handiest, Simplest and Most Efficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. Correspondence Solicited 


135 GREENWICH STREET, NEW YORK. 
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Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., ete. 
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AIR PUMPS, TANKS, GAUGES, AND AIR FITTINGS 
GLEASON- PETERS AIR PUMP C0., . 20 West Houston Street, N. Y. C., U. S. AL 
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Compressed =| Gold_and Silver and Copper and climate 


Practical information upon Air-Compression Send 25 cents for Special 3 mos. 


and the Transmission and Application subscription to 
of Compressed Air. 
By FRANK RICHARDS. 12mo, cloth, $1. , THE ARIZONA MINING PRESS 
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“Compressed Air” 


Published Monthly. 


This is the only publication devoted to the useful application of compressed 
air, and it is the recognized authority on all matters pertaining to this subject. 


RATES OF SUBSCRIPTION. 


United States, Canada and Mexico, . ; : : ‘ per vear, $1.00 

All other Countries, : : ‘ : ° ‘ ‘ ° = 1.50 

Single Copies, ; . ‘ ; ‘ . . ; 10 
SPECIAL, 


Clubs of ten subscribers, ° ° . A * m 5.00 


The attention of Engineers, Superintendents, Railroad Master Mechanics, 
Manufacturers of Compressed Air Appliances, Students, and all others 
whose association with compressed air require the widest knowledge of the 
application of air power is called to this Special Rate. It enables them 
to place the magazine in the bands of operators of compressed air 
apparatus by club subscriptions at an extremely low cost. 


LIST OF BOOKS ON COMPRESSED AIR. 


Volume No. 6, Compressed Air,”’ 
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. ° ° ° ° - cloth, 2.00 
March, 1901—February, 1902, inclusive. The twelve numbers of 
‘*Compressed Air,’’ which make up this volume are profusely illustrated 

with fine half-tone engravings and line cuts of a large number of important 
applications of compressed air. 


“Compressed Air Production,” by W. L. Saunders, : . - cloth, 4.00 


Compressed Air Production or The Theory and Practice of Air Compression. 
By W. L. Saunders. A practical treatise on air compression and com- 
pressed air machinery. [t contains rules, tables and data of value to 
engineers. 

** Pumping by Compressed Air,’ by Edward A. Rix, ° , ‘ 75 

A practical treatise on this subject, containing vs aluable infcrmation, with 
diagrams and tables. The different systems are described and compared, 
and the advantages of each impartially stated, 


“Compressed Air,” by Frank Richards, ; ‘ . cloth, 4rn.50 


Compressed Air, by Frank Richards. Contains practical information upon air 
compression and the transmission and application of compressed air. 


“Liquid Air and the Liquefaction of Gases,” by Prof. T. O°Conor Sloane, 350 pages, 2.50 


Experiments upon the Transmission of Power by Compressed Air in Paris, by A. 
B. W. Kennedy, F. R. 8., M. Inst. C. E., Emeritus Professor of Engineering in 
University College, London. The Transmission and Distribution of Power 
from Central Static n by C Peas Air, by William Cawthorne Unwin, Bb. 
8. C., F. R. 8., M. Inst. C.E., : . ° : ° -50 


The Transmission of Power by Compressed Air, by Robert Zahner, M. E., . 50 
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“Seen: ** a practical treatise, by Charles Prelini, C. E. With additions by 
Charles S. Hill, C. E. 150 uiagrams and illustrations, : cloth. 3.00 


“*Transmis+ion of Power by Fluid Fressure,’’ by Wm. Donaldson. M.A. cloth, 2.25 
(M. Inst. C. E.) 


Forwarded postpaid on receipt of price. 


“COMPRESSED AIR,’’ 26 cortLanpr st., NEW YORK. 
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HEAT YOUR RIVETS 


WITH 


OIL 


CHEAPER 
QUICKER 
BETTER 


Send for Particulars 


WE ALSO HAVE 
OIL BURNERS 


FOR EVERY PURPOSE 


ROCKWELL 
ENGINEERING CO. 
NEW YORK 
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Special Hose and Tubing for Pneumatic Tools 


Special atten- 
tion is called to 
the excellent 


quality of our 


Tubing and Hose 
for Pneumatic 
Tools and 
Pneumatic Equip- 
ment of all 

kinds, 





This tubing and hose is guaranteed not to flake or peel off and get into the delicate valves and 
port openings in the tools, thus avoiding a great deal of trouble and delay to the operator. 
MANUFACTURED EXCLUSIVELY BY 
The Peerless Rubber Manufacturing Co. 
NEW YORK 
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PNEUMATIC 
TOOLS AND APPLIANCES, 


COMPRESSED AIR MACHINERY 


IN GENERAL 


SOLD BY 


CHAS. G. ECKSTEIN, 


MECHANICAL ENGINEER, 


Berlin C., Germany. Spandauerstrasse 16-17, 








AMERICAN MANUFACTURERS OF 
FIRST CLASS TOOLS AND MACHINERY 


in above line, seeking an effective representation abroad are respectfully 
invited to correspond with the New York Office, 249 Centre Street. 


SEAMLESS ‘src’ TUBES 
FOR GASES, COMPRESSED AIR, ETC., 

UNDER HIGH PRESSURE, 

REPRESENTATIVE : 

ah Laan. G. ECKSTEIN, 

249 Centre Street, 

NEW YORK, 











Tested and 
approved by the highest an 
authorities and Governments of n len Ss 
Europe and America. &ths 

Each Tube is carefully tested, and a ‘Oo 2 ~ 
Government Test Certificate is furnished with 4 fee Bence 
same, t, 
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Manufactured in Germany after the famous 





‘* Mannesmann Process.’’ 
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‘CAMERON STEAM PUMPS 


“THE WORLD’S 
BEST PUMP” 


THE STANDARD OF EXCELLENCE. 


AT HOME AND ABROAD. 


Conceded t,. be the most DURABLE, 
RELIABLE and EFFECTIVE on the market. 


A.S.CAMERON STEAM PUMP WORKS 


Pf OT O)s ll ©) 2D a KLE ws NEW YORK CITY N.Y. US.A. 
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THE EFFECTIVE SYSTEM 


Pumping Water by Compressed Air | | 


The Harris Compound Direct-Air-Pressure 
Pump is radically different from Air Lifts and 
Pneumatic Pumps xs generally understood, 
Estimates furnished on complete plants. 














CORRESPONDENCE SOLICITED 


Pneumatic ENGINEERING Co. 


128 Broapway, New Yor« 
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RAND ROCK DRILLS 














HE mechanism of the RAND DRILL is most 
simple and direct. RAND DRILLS can be 

run at any speed; there is never any leakage 
resulting in waste of power even after pro- 
longed use. Booklet on application. 






























































Compressed Air. 


THE COMPRESSED AIR MAGAZINE. 


A MONTHLY PUBLICATION DEVOTED TO THR USE- 
FUL APPLICATION OF COMPRESSED AIR. 


W. L. SAUNDERS, - Editor and Proprietor 


J. E. QuINTERO, ° i. x 
M. E. VARIAN, — { Associates 








Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, 10 cents. 
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We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
pressed air. 


All communications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 
London Office, 114a Queen Victoria Street. 


Those who fail to receive papers promptly will 
please notify us at once. 
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N. Y., Post Office. 
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Lubrication of Compressors. 


AIR 


sions insisted that owners and operators of 





COMPRESSED has on various occa- 


air compressors do not as a rule give 
sufficient attention to the question of lubri- 
cation. 

The subject is one which possesses at 
the 


economy and also because of the oppor- 


the same time interest on score of 
tunity afforded for accidents. 

Elsewhere in this issue we publish a 
valuable contribution to the subject of 
compressed air and its production, and 
while the article is devoted to a discussion 
of cylinder ratios and the temperatures ob- 
tained in compressing to higher pressures, 
it, at the same time, calls attention to the 
question of oils and lubrication, which 
after all is of as great importance as econ- 
omical compression because improper oil 
introduces the one dangerous feature of 
air compression, 


That care should be used in selecting a 
high flash test oil for lubricating the air 
cylinders of a compressor has long been 
known, and as pos‘tive evidence of this 
need, we have published from time to 
time several accounts of explosions, the 
cause of which can be traced in the major- 
ity of cases, directly to the fact that a low 
Yet 
in the face of danger and of possible 


grade oil was used for lubrication. 


serious accident resulting, it is also as 
well known that many violations of the 
above rule are of daily occurrence, and 
though we believe that it is often due to 
ignorance, this is hardly a plausable ex- 
cuse when life is endangered. Every new 
report of such an accident throws a little 
more light upon this “not very well under- 
stood subject.” It is to be regretted that 
no very accurate data relative to the action 
of such oils under high pressures and 
temperatures is known, all values so far 
determined, such as the flashing and igni- 
tion points, being those for atmospheric 
conditions only. Efforts have been made 
by some manufacturers to develop high 
flash test oils, but the difficulty generally 
met is in the high percentage of carbon 
contained in these which, for practical re- 
sults, is about as objectionable as a low 
flash point. The article which we publish 
in this issue, gives some very valuable 
data on the temperatures reached in air 
compression cylinders, and illustrates the 
importance attached by at least one of the 
largest air compressor manufacturers to 
experimental research along this line. It 
is hoped that the points brought out will 
be remembered by users of compressors as 
well as those engaged in the design of air 
compressing machinery, for we believe im- 
partial investigation will show that the 
operator has been at fault in most cases 
of explosion in compressor cylinders and 
receivers, 
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Safe Ratios in Air Compression. 


THE DETERMINATION OF THE MAXIMUM 
RATIO OF COMPRESSION THAT CAN BE 
USED IN A SINGLE CYLINDER WITH 
PRACTICAL SAFETY. 


In the course of advance in air com- 
pressor design, the above question under 
certain conditions becomes of importance, 
especially so when the tendency toward 
higher pressures is considered, an ex- 
ample being in the case of air compres- 
sors for furnishing the high pressure air 
used in pneumatic mine locomotives which 
sometimes reaches 3,000 pounds per square 
inch, and in the case of coal mines where 
the cost of installation of the power plant 
is of much more importance than that of 
operation, the fuel used being that which 
would otherwise be wasted. Any com- 
paratively small loss in the thermal effic- 
iency of the compressor would have far 
less consideration than the consequent re- 
duction in the cost caused by simplyfying 


the construction, and for this reason 
there has been a tendency toward high 
compression ratios. In the course of 


certain experimental work carried on by 


one of the larger compressor manu- 
facturing concerns, namely: The Inger- 
soll-Sergeant Drill Co., the above ques- 


tion came up and it was decided to carry 
the experiments further and determine if 
possible the causes which should limit 
this, and make deductions sufficiently ac- 
curate to be of practical value. For this 
purpose an experimental air compressor 
having compound single acting air cylin- 


ders of the following dimensions was 
used. See Figs. 1 and 2. 

Low pressure air cylinder, 7” in dia- 
meter by 10” stroke. 

High pressure air cylinder, 17¢” dia- 


meter by 10” stroke. 

In early stages of this work an ex- 
plosion occurred which eventually led to 
the solution of the problem. The com- 
pressor was running about 150 R. P. M., 
against a final discharge pressure of about 
1,100 pounds per square inch when the 
accident occurred, which fortunately was 
accompanied by no more serious result 
than the bursting of the receiver and 
a bad scare for the men working close 
by, though it had sufficient force to blow 
the larger part of the receiver, weighing 
approximately 200 Ibs., about 40 feet down 
the shop. An examination of the rup- 
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tured parts left no doubt as to there hav- 
ing been an explosion of much more force 
than that attributable to the stored energy 
of the air itself. There were two distinct 
ruptures. 

First: One in the 1” extra heavy pipe 
leading to the receiver, which was torn 
practically into two equal parts having split 
down the sides for about 9%” in length, 
and opened up across the middle over 4”. 
In this pipe, at the end of the rupture 
nearest the compressor, an oily residue 
was found, though only in small quantity. 

Second: That of the receiver itself 
bursting the head to which the inlet and 
outlet pipes were attached, and blowing 
the parts in every direction (the body of 
the receiver being blown down the shop 
as already stated). Whether flaws in the 
material of the broken head were in any 
way responsible for its bursting is doubt- 
ful, and difficult to determine, though 
some signs of defects were in evidence. 
A carbonaceous oily residue was found 


” 


in the receiver, there being quite an 
extensive coating all over the inside 
of the pipe, and the head which re- 


mained intact, while on the broken head 
there was hardly any residue at all, simply 
a small quantity of hard, black, dry pow- 
der having the appearance of a carbo- 
naceous ash. Neither of these residues 
showed any life when subjected to the hot 
flame of a Bunsen burner. Another point 
to be noted is that the discharge valve and 
air passages in the high pressure cylinder, 
were covered with a coating of residue 
very similar to that (second one) men 
tioned above, which was found in the burst 
end of receiver; this also showed similar 
action when subjected to the hot flame, 
having no life or burning qualities. 
Summary of conditions known to exist 
at the time of the explosion: 


Discharge air pressure..1,100 lbs. per sq. in. 


Intermediate air pres- 

WENO rode re hre nas 136 lbs. per sq. in. 
Intake air pressure... .Atmospheric. 
Compression ratio in 

hg 5 AE alae <2 I fae 

The compressor had just previously 


been running at a discharge pressure ap- 
proximately 3,000 lbs. per sq. in., and had 
been running thus for quite some time, 
during tests, etc., using a lubricating oil 
of 388° F. flash test. (The quantity being 
in all probability far in excess of the 
proper or safe amount to use, though no 
observations as o this were made, 
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FIG. I—WATER COOLING BOX IN POSITION. 




















FIG. 2—WATER COOLING BOX REMOVED. 
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The idea which presented itself at that 
time in looking for a cause, was that the 
oil in conjunction with the air must have 
formed an explosive mixture, which upon 
being ignited resulted in the accident. 

The company supplying the oil was then 
notified and they immediately sent their 
expert representative to help throw some 
light on the subject. 

After some consideration of the facts 
at hand, it was decided to connect up 
again for running, a new receiver, piping, 
etc., were supplied, and several test runs 
made, observations being taken of the dif- 
ferent temperatures, etc., as follows: 








TABLE I, 

No. oF Ren. Ist. 2nd. 3d. 
EINER onc cewne cctnee 150. 150. 120 
H. P. air pressure gauge .. .| 1100. | 3000. 300. 
Int. air pressure gauge..... 136. 136. 136. 
Intake pressure gauge ..... Atmospheric. 

H. P. air temperature ..... 148.°F. | 325.°F, | 194.°F. 
Int, air temperature ....... 135.°F. | 165.°F | 125.°F. 
Intake air temperature,.... 72.°F¥=.| 72.°F | 72.°F. 


These temperatures were recorded on 
standard thermometers, that of the low 
pressure cylinder being placed in a regular 
cup, inserted in the discharge pipe. For 
the high pressure observations an im- 
provised cup ot asbestos packing was at- 
tached on the outside of the discharge 
pipe. 

The first set of these readings it will be 
noticed, was taken under similar condi- 
tions as existed at the time of the accident. 
"Lhe second set maintained the same speed, 
but the high pressure air pressure was in- 
creased to 3,000 lbs. (Note the rise in the 
high pressure temperature reading.) Ihe 
third set of conditions was taken at the 
rated speed of the compressor, and it was 
while running under these conditions that 
the special investigation committee ar- 
rived. They made a complete examina- 
tion of the compressor and of the broken 
parts of the old receiver and piping. The 
general opinion of the above committee 
after a long discussion was that much 
higher temperatures than those recorded 
by the thermometers were reached in the 
compressor, and that at these tempera- 
tures a gaseous explosive mixture had 
been formed, which upon being ignited 
had produced the accident, thus sustaining 
the first opinion. After these runs were 
completed, the compressor was_ taken 
apart and samples of the oily residue re- 


der. 
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maining in the cooler tubes and the car- 
bonaceous deposit on the piston and in the 
high pressure cylinder were taken for fur- 
ther study. 

The results ot the examination of some 
of these residues are as follows: 

The sample of carbonaceous deposit 
from the pistons and cylinder was sub- 
jected to the heat of the hot plate about 
400° F., at which temperature it became 
a glowing mass. The exact chemical con- 
stituents of this last residue are not 
known, but it appears to contain iron and 
carbon. However that may be, here ap- 
pears to be the igniting medium for which 
several theories had been advanced, such 
as the piston striking a spark on a small 
particle of carbon or other hard deposit. 
Also the effect of excessive friction from 
defective lubrication in the high pressure 
cylinder, which could be caused by the oil 
being gasified in the low pressure cylinder 
and carried through the high pressure 
cylinder as a gas having little, if any, 
lubricating effect, either of which in con- 
nection with the aforesaid residue could 
account for the ignition. At any rate it is 
probable that some form of ignition is 
necessary, though no data or results of 
tests on the flashing of oils under high 
pressures of air has come under the 
writer’s notice. There is little question as 
to the increased violence of the burning of 
oils, etce., under high pressure, experi- 
ments carried on by Mr. F. M. Leavitt 
(M.E.), A. S. M. E., in connection with 
the development of the automobile tor- 
pedo having shown that burning alcohol, 
etc., in a heater pot in the air flask of a 
torpedo under 1,500 lbs. pressure, was ac- 
companied by excessively violent and rapid 
combustion. 

Considering the compressor from a 
theoretical standpoint, assuming that the 
adiabatic laws of air compression prevail, 
the temperatures of compression work out 
as follows: 

First Stage of Compression—Low Pres- 
sure Cylinder— 

Assume atmospheric intake at 70° Fahr., 
and compressing to 136 lbs. gauge (the 
intercooler pressure) ; the temperature of 
discharge from the low pressure cylinder 
would be approximately 576° F., and 
the ratio of compression equal to 15115 
equal to 10.06 for the low pressure cylin- 
This will remain the same for all 
variations of load since the cylinder ratio 
is a constant. 
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Second Stage of Compression—High 
Pressure Cylinder— 

First: Without any intercooling effect 
being taken into account the intake tem- 
perature into the high pressure cylinder 
being that of the low pressure discharge, 
viz., equal to 576° F., compressing from 
136 lbs. gauge to 1,100 lbs. gauge, the 
pressure at which the explosion took place, 
the final discharge temperature would be 
approximately equal to 1,391° F., and the 
ratio of compression 1,115151 equal to 
7.384. Compressing from 136 lbs. gauge 
to 3,000 Ibs. gauge, the rated pressure for 
the compressor, the final discharge tem- 
perature becomes approximately equal to 
2,009° F., and the ratio of compression 
equal to 3,015+151 equal to 19.96. 

Second: With cooling in intercooler 
down to 70° F., or that of the intake to 
the low pressure cylinder, this is approxi- 
mately correct thougn no exact determina- 
tion has been made. 

Compressing from 136 lbs. to 1,100 Ibs. 
gauge, the final temperature becomes ap- 
proximately equal to 487° F., ratio of 
compression as before 7.382. Compress- 
ing from 136 lbs. gauge to 3,000 Ibs. gauge 
the final temperature becomes approxi- 
mately equal to 804° F., ratio of compres- 
sion as before, 19.96. 

No effect on the high temperature point 
as effected by the cylinder jackets has 
been taken into account, as any informa- 
tion of value on this point must be de- 
termined experimentally for the compres- 
sor in question. 

Considering the difference between these 
theoretical temperatures and those hereto- 
fore observed, with the opinion prevailing 
that a pretty high temperature must have 
been reached, the writer was instructed to 
carry the experiments far enough to de- 
termine if possible the actual temperatures 
existing. It was then suggested that by 
inserting small particles of different 
metals having melting points from 450° 
F. upwards, into the clearance spaces of 
the cylinders, and observing the effects on 
the same, that the highest temperature 
point could be approximately located. 
This suggestion relieved the situation con- 
siderably, as it was known that the highest 
temperature lasted only for an instant dur- 
ing each revolution, the cylinder cooling 
down from the combined effects of the 
re-expansion of the air in the clearance 
spaces, and the in-rush of comparatively 
cold intake air, consequently any thermo- 


metric method other than the above which 
would be able to record this temperature 
would necessitate considerable delay to 
install and probably give no more accurate 
results. The high pressure cylinder head 
was then fitted with a suitable test plug 
entering the clearance space, to which 
were attached the metals used. The prep- 
aration of these metals so that they would 
show the effects of the highest tempera- 
ture necessitated their being hammered 
into very thin filaments, approximately 
1/1,000 of an inch in thickness, so that 
the heat could make an impression on 
them and not be absorbed and conducted 
away faster than it was supplied. These 
were arranged in the form of a small 
semi-spherical rosette, presenting many 
thin filaments to the air during its passing 
in and out of the cylinder. 

The following are the conditions of run- 
ning and the results obtained in the high 
pressure cylinder, no experiments having 
as yet been tried in the low pressure cyl- 
inder,. 


TABLE II. 

No. oF Run. Ist. 2nd. 3d. 4th. 
Metal used . awe). Tine Lead Zine | Zine. 
Range of melting  442.° 608.2  |725.° 725.° 

temperatures. . f 416.° 618.° 780.°; —780.° 
Speed, r.p.m.. ...} 102. 100 102. 126. 
Time of Run. Min. 15. 15. 15. 25. 
H. P. air pressure 

1. ae 2250. 2930. 3000. 3000. 
Int. air pressure 

guage ..... act ae 136. | 136. 136. 
Intake air pressure} 

guage ... Atmospheric. 

Temp. observed on 

H. P. pipe ......| 185.°F. | 195.°F. | 184.°F. | 282.°F. 
Temp. observed on} 

Int. pipe ........ | 220.°F, | 234.°R. | 236.°RF. | 220.°F. 
Intake airtemp ...; 71.°F.| 70.°F.| 72.°F.| 70.°F. 
— ssion, ratio 

_H. ECR RES 15. 19.5 19.96 19.96 


is. sskesensane 10.06 10 06 10. 10.06 
uiaan test metal Melted.) Melted. Ox ‘and. Melted. 


No attempt has been made to carry 
these experiments further, as a suitable 
metal or alloy having a melting point 
under the theoretical temperature of com- 
pression in this cylinder, viz., 804° F., i 
lacking, which temperature cannot be ex- 
ceeded when compressor is working prop- 
erly. 

These experiments with the results ob- 
tained form a basis from which a reason- 
able solution as to the causes which 
resulted in the explosion can be derived. 

It has been shown that the water jackets 
had little effect on the air in the cylinder 
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during the compression, in consequence of 
which the actual temperatures reached 
were very near those figured for adiabetic 
compression. Considering this in a com- 
pressor, which is a striking example of 
excessive cooling properties, the question 
arises as to what limit must be placed on 
the number of compressions allowable in 
a single cylinder, when the lubricant to be 
used must be selected from the lists of 
high grade marketable oils prepared for 
this purpose. 

The United States Navy Department, 
among other requirements for high pres- 
sure air compressors for torpedo boats, in- 
cludes this; that oil shall not be used as 
a lubricant in the air cylinders, a mixture 
of soap and water being substituted. 

Following the course of the oil as it 
passes through the compressor, it is found 
to come in contact with the successive 
changes of pressure and temperature sum- 
marized below: 


First: In the low pressure cylinder a 
temperature variation from 70° F., to ap- 
proximately 525° F., accompanied by a 
pressure variation from atmospheric to 
136 lbs., this latter pressure and the high 
temperature lasting 5 per cent. of each 
revolution (the discharge period). 

As the flash point of the oil in question 
is 383° F., it is evident that considerable 
volatilization of the same might occur in 
this cylinder, and so make a thorough 
mixture of oil and air and whatever mois- 
ture accompanies the air. Now passing 
into the cooler tubes its temperature is re- 
duced to about 70° F., where some of the 
oil and water is condensed, coming down 
in the mixed form of residue already men- 
tioned, which in turn is carried over into 
the high pressure cylinder, where a pres- 
sure variation from 136 lbs. to 3,000 Ibs. 
and a consequent temperature variation 
from 70° F. to 750° F., occurs every 
revolution. The discharge period, or that 
during which the high pressure and tem- 
perature exist, being only 2.9 per cent. of 
each revolution, which at a speed of 120 
R. P. M. is .00725 part of a second. It is 
probable that at this point the ignition oc 
curred which upon reaching the discharge 
pipe and receiver resulted in the accident, 
as much of the explosive gas already gen- 
erated was stored in these places. 

The high temperature of discharge in 
this cylinder is sufficient to account for a 
gaseous oil and air mixture being con- 
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tinuously generated when running up to 
pressure. 

And in view of the fact, that the sample 
of the carbonaceous deposit from the high 
pressure cylinder became a glowing mass 
at a temperature about 400° F., there 
seems to be at hand all the necessary ad- 
juncts for an explosion, provided that just 
the right mixture of air and oil is de- 
veloped. Professor J. E. Denton in a 
statement on this point cited some experi- 
ments in which gasoline and air under 
atmospheric conditions were mixed in a 
closed receptacle in which an _ electric 
spark was passed. The results were as 
follows: When the mixture consisted of 8 
milligrammes of gasoline and 2 quarts of 
air, a violent explosion occurred when 
sparked, but with a mixture containing 
one milligramme more or less than the 
above it .simply burned or showed no 
effect at all. 

A similar set of conditions probably ex- 
ists for all volatile oils, when the neces- 
sary temperatures are reached, and the 
correct mixture is formed. ‘The fact that 
the mixture to be explosive must not vary 
except within very narrow limits, and that 
this mixture is seldom approached in gen- 
eral compressor running, is without doubt 
the reason that so tew explosions of this 
sort are recorded. 

In attempting to answer the question 
under consideration, that as to what limit 
should be placed on the number of com- 
pressions allowable in a single cylinder, it 
appears at present to depend on the grade 
of oil used for lubrication, and if the 
manufacturers of the same could guaran- 
tee to furnish an ou for use in air cvlin- 
ders, whose flash point exceeded a certain 
temperature, determined and agreed on 
after careful experiments, or some other 
form of lubricant, possibly of a parafine 
or glycerine nature, is forthcoming to take 
the place, it is useless to adopt any set 
limit no matter how low, for there are at 
present a great many if not a large major- 
ity of the compressors running using oils 
whose flash points are far below the tem- 
peratures reached in the cylinders, and 
quite often crude petroleum from which 
explosive gases are generated under at- 
mospheric conditions will be found in the 
cups. 

Considering, however, that the highest 
flash oils sold at present will be used, 
this would mean that they would not flash 
under 475° to 500° F.; although claims are 
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made for certain oils having flash tests 
around 550° F., it is questionable whether 
at all times they could be unfailingly re- 
lied on for this. Taking the former fig- 
ures as the safer, it would appear that the 
number of compressions in one cylinder 
should never exceed (eight), giving a 
theoretical final temperature when com- 
pressing from atmosphere at 70° F. = of 
510° F., and in compound compressors 
(seven) in the high pressure cylinder is a 
safer figure since intercooling down to 
70° F., is counted on, and in many cases 
this cannot be accomplished (lack of 
water, etc., being among the conditions 
which are to be met). 

Considering the tendency at present to- 
wards higher pressures in both steam and 
air and the increased cost to purchaser 
when higher multiple compressors are 
used, it is to be hoped that experiments 
for determining the best form Of lubricant 
for use under high pressures and tempera- 
tures will be carried on until a successful 
and determinative issue results. 

Frep. v. D. Loncacre, M. E. 


Continuous Power. 


The New York Herald of January 25th, 


illustrated and described the new invention 
Place, for the production of 
“Continuous Power.” 
touched but 


of Mr. J. F. 
what he aptly terms 


The article referred to 





you 


2229 


(colder) than the atmosphere, and will 
constantly boil if exposed to ordinary tem- 
peratures—or to the normal heat of the 
atmosphere. These gases, when liquefied, 
are called liquid gases, as, for example, 
liquid air; therefore, a liquid gas is a 
liquid which boils when subjected to the 
normal temperature of the atmosphere. 

“No matter how much heat runs into a 
liquid, it gets no warmer. For instance, 
cannot raise the temperature of boiling 
water, the pressure being constant, no 
matter how fierce the fire, so long as there 
is any water in the boiler; so, also, the 
heat of the atmosphere will run into 
liquid air and keep it boiling under pres- 
sure, for the temperature of the atmo- 
sphere is 70° F. and that of liquid air is 
270° below zero at 125 pounds pressure 
(or 340° colder) ; and the pressure being 
constant, you cannot raise the temperature 
of boiling liquid air or any other liquid 
gas so long as there is any liquid left in 
the boiler. 

“The loss of heat due to work done by 
expansion against resistance carries the 
temperature theoretically far below the 
liquefying point, which largely neutralizes 
the latent heat of condensation, which in 
air is about one-seventh that of steam, and 
which disappears entirely at the critical 
temperature; but provision is also made 
for a sub-cooler or condenser to absorb 
the latent heat of such expanded exhaust 
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lightly on the technical points of the in- 
vention, and we give below some extracts 
from Mr. Place’s treatise on the subject* 

“It is a law of physics that whenever any 
gas, which exists as a gas at ordinary tem- 
peratures, is caused to become liquefied, 
then such liquid gas is, so long as it re- 
mains a liquid, at a lower temperature 


* Continuous Power the Natural Result of Convert- 
ing Heat into Work in aninsulated Expansion Engine 
at Temperatures below the Normal of the Atmos- 
phere, By J. F. Place. New York: The Standard 
Power Co., 1903. 


2. 


gas remaining unliquefied, but which is at 
the point of liquefaction. 

“In order to properly explain the sys- 
tem I propose, let me illustrate (well 
known though it may be) the throttled- 
nozzle method of making liquid air, which 
is the process adopted by all who have 
produced it in quantity—Linde, Hampson, 
Ostergren, Tripler and others. 

“Leading up thereto, I will first show the 
Joule-Thompson experiment with the por- 
ous plug. This well-known experiment is 
illustrated in Fig. 2, 
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“In the cylinder A is shown a piston B; 
at C is fixed a porous diaphragm or plug 
through which air is forced by moving for- 
ward the piston, but the diaphragm C, 
being made of porous material, the air 
passes through the same with difficulty. 
As the piston B is moved forward in direc- 
tion of the arrow, the air in the cylinder A 
is compressed and consequently is heated; 
and the piston can be moved fast or slow, 
so as to give the air in the cylinder a 
greater or less tension, or a uniform pres- 
sure if desired, the air meanwhile con- 
stantly passing through the porous dia- 
phragm C and expanding as it leaves the 
same at D. After a predetermined pres- 
sure of the air in the cylinder A is 
reached and its temperature has cooled to 
that of the surrounding atmosphere, if the 
piston B is continued to be moved for- 
ward then just fast enough to maintain 
that pressure, there will be no increase of 
temperature of the air in the cylinder A, 
and the heat generated by the friction of 
the air in passing through the porous 
diaphragm C as the piston moves forward 
(and which represents the work done in 
overcoming the resistance of the dia- 
phragm) will in a perfect gas exactly 
equal the heat absorbed for the work done 
during the expansion of the air as it passes 
through or leaves the diaphragm at D: 
and consequently there should be no 
change of temperature. There is, how- 
ever, as is claimed, a slight fall of tem- 
perature (air being, as is supposed, an im- 
perfect gas) and which is known as the 
Joule-Thompson effect. 

“By changing the foregoing Fig. 2 a 
trifle, it will be seen that it is practically 
the same thing as allowing air to escape 
(from a reservoir in which a constant 
pressure is maintained) through a throt- 
tled nozzle. For instance— 
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der at any uniform predetermined pres- 
sure; and, instead of the porous plug or 
diaphragm shown in Fig. 2, we have in 
this Fig. 3 the throttled nozzle C deliver- 
ing at D, by which the air is allowed to 
escape with difficulty, or is throttled the 
same as in passing through the porous 
diaphragm in Fig. 2, so that the pressure 
in the cylinder A is not lessened, but is 
kept constant by the supply pipe B from 
the air compressor or reservoir, and its 
volume is practically constant. The tem- 
perature in the cylinder A is also uniform, 
the same as the surrounding atmosphere, 
say, or that of the source of supply (the 
heat of compression having been re- 
moved). The greater the pressure in the 
cylinder A, the greater will be the fric- 
tion in passing through the throttled noz- 
zle C, and naturally the greater will be the 
work of expansion in pushing away the 
atmosphere in leaving the nozzle; conse- 
quently, there will be no change—the tem- 
perature of the expanded air at D will be 
the same as that of the compressed air in 
the cylinder A. It was long believed that 
air grew cold as it expanded, but this has 
been proven to be a fallacy; to be sure it 
grows cold, and intensely cold, if when it 
expands it is made to do work; but if no 
work is done there is no appreciable fall 
of temperature. This may be easily shown 
in practice by opening the cock in the com 
pressed-air pipes in any machine shop; the 
air from the pipes is never even cool, no 
matter what the pressure may be. But if 
run through a small engine, and worked 
expansively by a cut-off valve, the exhaust 
air is intensely cold. 

“The slight fall of temperature, how- 
ever, owing (if it really exists in practice, 
as is supposed) to the fact, as claimed, 
that air is an imperfect gas, and which has 
been called the Joule-Thompson effect, has 
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“Here A is the cylinder, but instead of 
a piston a supply pipe B from a compres- 
sor or reservoir keeps the air in the cylin- 


been made use of to cool the incoming 
compressed air in the cylinder A or sup- 
ply pipe B by passing the expanded air as 
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fast as it is expanded from the nozzle C, 
back over the nozzle and supply pipe, as 
shown in Fig. 4. 





the coil. The pressure (and practically 
the volume also) in the pipe I is constant, 
the nozzle cock C not being opened so 
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“This is the same as Fig. 3, except the 
expanded air as it leaves the throttled- 
nozzle C is trapped in the hood or cham- 
ber D and the direction of its flow 
changed, as shown by the arrows, so that 
it passes back in the outer pipe F (Fig. 4) 
and is carried back over the inner pipe 
G in the opposite direction to the flow of 
the compressed air in that pipe (G). This 
is the throttled nozzle or regenerative 
method, so-called, and has been used by 
all up to this date who have made liquid 
air in quantity. This method of cooling or 
production of low temperatures is prac- 
tically the same as the Siemens’ inter: 
changer with the addition of the handi- 
capping device, the nozzle, and it has been 
known for nearly fifty years. It is crude 
and wasteful of energy, for, combined 
with the hood, there is more friction than 
with the nozzle alone, and the great pres- 
sure necessary 1s costly, not a foot-pound 
of which is utilized. 

“T will here add a rough sketch, shown 
as Fig. 5, of Prof. Linde’s liquid air- 
making apparatus, which will serve to il- 
lustrate also the mechanism of Dr. Hamp- 
son and all others who have produced 
liquid air, and it will be noticed that the 
method is practically the same as_ that 
shown in Fig. 4. 

“In this Fig. 5, the throttled nozzle is 
shown at C, operated by the valve wheel 
H; the smaller pipe I of the coil shown 
takes the place of but is practically the 
same as the cylinder A and pipes B and G 
of Figs. 3 and 4. This pipe I is supplied 
with compressed air from the compressor 
K by the discharge pipe P through the 
water cooler J and connecting pipe B. 

“After the air is expanded from the 
throttled nozzle C into the chamber D it is 
passed back over the incoming compressed 
air supply pipe (1) in the outer pipe F of 


wide as to cause a fall of the pressure 
therein; and the theory claimed is that, 
however slight the fall of temperature of 
the expanded air as it leaves the nozzle C, 
it will absorb a correspondingly smal! 
amount of heat from the compressed air 
in the pipe I, especially from the lower end 
near the nozzle. 

“When the temperature in the chamber 
D has been reduced to the liquefying point, 
the liquefied air is gathered in the lower 
part of the chamber, and is drawn off 
through a cock as shown. Only about 
one-twentieth of the air delivered from the 
nozzle C becomes liquefied, the other nine- 
teen-twentieths passes back through the 
annular pipe F for the purpose of cooling 
the incoming compressed air in the pipe 1; 
this unliquefied expanded air is finally de- 
livered to the suction valve of the com- 
pressor again through the pipe N. Through 
the check valve in the pipe O new com- 
pressed air is forced from an auxiliary 
compressor in order to make up for the 
amount liquefied and drawn from the 
chamber D. 

“The fall of temperature due to the 
Joule-Thompson effect, as claimed, of the 
expanded air as it leaves the diaphragm C 
in Fig. 2 or nozzle C in Fig. 3 has been 
carefully calculated and amounts to about 
half a degree Fahrenheit for each drop of 
one atmosphere of pressure (14.7 pounds). 
Joule and Thompson (now Lord Kelvin) 
neither experimented with nor made cal- 
culations, so far as I know, for the hooded 
nozzle with the Siemens’ counter-current 
coil or interchanger (which is the Linde 
and Hampson method) as shown in Fig. 5. 
If they had made any such experiments, 
then we probably should have now before 
us some calculation as to the effect of the 
friction in the chamber D, and possibly a 
new equation entirely for the Joule- 
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Thompson effect in the nozzle shown in 
Fig. 4, and perhaps another one for the 
nozzle with complete interchanger as 
shown in Fig. 5. 

“The figures given as the Joule-Thomp- 
son effect from the equation of the au- 
thors of the theory by the three authorities, 
Professors Sloane, Travers and Linde, re- 
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leased, thus showing that the cumulative 
cooling effect is relatively greater as the 
initial temperature (or temperature of the 
compressed air before release) is reduced. 
Taking the average cooling effect obtained 
per atmosphere of pressure released by the 
nozzle, or .485° F., then if we have 90 
pounds constant gauge pressure in the 
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duced to Fahrenheit degrees, are respec- 
tively .5°, .458° and .497°. Protessor 
Sloane says that if the compressed air is 
cooled to 132° F. below zero before it is 
allowed to escape through the nozzle, then 
(according to the Joule-Thompson equa- 
tion) the fall in temperature may be a 
trifle over one degree Fahrenheit for each 
atmosphere (14.7 pounds) of pressure re- 
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atmospheric 


normal 
temperature, the fall in temperature of the 
expanded air as it escapes from the nozzle 
and expands to atmospheric pressure will 
not exceed in the aggregate 2.9 Fahren- 


pipe I (Fig. 5) at 


heit degrees. This seems a very trifling 
fall of temperature, and yet in the appar 
atus for making liquid air as in Fig. 5, it 
is very doubtful if even that fall of tem- 
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perature is realized in practice, for the 
figures given are based on experiments 
made with the arrangement as shown in 
Figs. 2 and 3, and not as constructed in 
either Figs. 4 or 5. In Fig. 4, and espe- 
cially in Fig. 5, it is a different proposition, 
as I have previously stated; for the ex- 
panded air as it leaves the nozzle is “cor- 
ralled” or trapped as it were in chamber 
D and turned back as shown by the ar- 
rows. The friction caused by the ex- 
panded air thus striking against the walls 
inside the chamber D and changing its 
direction has a tendency no doubt to 
neutralize more or less of the Joule- 
Thompson cooling effect; and the higher 
the pressure used, the greater will be the 
impact against the walls (in D), and con- 
sequently correspondingly greater will be 
the friction (work or motion converted 
into heat) which is death to refrigeration. 

“Tt is by no means clear to me that the 
specific heat of the air in both pipes of a 
Siemens’ interchanger is the same. The 
conditions are very different, for in pipe I 
of Fig. 5 the air is under a high tension, 
practically at constant volume, and the 
work done seems to be localized to the 
nozzle C (to the friction right in the 
nozzle), where it is converted into heat, 
and this heat is immediately absorbed by 
the work of the expanding air as it passes 
through the nozzle; while in the outer 
pipe F the air is at atmospheric pressure, 
and is continually doing work and ex- 
panding at constant pressure as it takes up 
the heat from the compressed air in pipe I. 

‘Whatever importance may be attached 
to the Joule-Thompson effect, it is very 
clear that liquefaction is produced by the 
low temperature, and that that low tem- 
perature is due to loss of heat by the air; 
and as that heat cannot have been trans- 
ferred by conduction to the environments 
of the air (as such environments were of a 
higher temperature), it must have been 
converted into work somewhere—heat and 
work being equivalents, and temperature 
simply the evidence of or by-product due 
to the transformation; and, therefore, that 
the liquid air is a by-product of the trans- 
formation of heat into work. If the 
specific heat of the air in each of the two 
pipes of the interchanger is not the same. 
then the seeming mystery is easily ex- 
plained; the ratio of the heat consumed by 
being converted into work in the outer 


pipe F to the heat given up by the com. 
pressed air in the inner pipe I for equal 
units of weight of air would doubtless ap- 
proach the well-known ratio of 1.41 to 1 
(or .237 to .168, the specific heat of air at 
constant pressure to its specific heat at 
constant volume) which would cause a 
constant lowering of the temperatures suf- 
ficient to produce partial liquefaction in 
spite of the frictional heat generated in D 
—which is exactly what happens. 

“Tt is quite clear, also, that the Siemens’ 
interchanger is the prime factor in the 
transformation, and that the nozzle is a 
detriment instead of a help, and that the 
cooling effect is produced in spite of the 
nozzle rather than otherwise. Air was 
never liquefied in quantity until apparatus 
using this method through the Siemens’ 
counter-current interchanger was adopted. 

“The very high pressures used by the 
throttled-nozzle system (shown in Fig. 5), 
in order to liquefy air (generally from 
2,000 pounds to 3,000 pounds), makes the 
process an expensive one, and especially 
so as only about 5 per cent. of the air 
compressed can be liquefied. The General 
Liquid Air & Refrigerating Co., of New 
York (using the Ostergren apparatus), 
used but 1.250 pounds pressure, owing to 
the fact of probably more perfect insula- 
tion of the counter-current coils: and they 
carried the production of liquid air, two 
years ago, nearer to a commercial basis 
(in so far as quantity of output means 
commercial) than any parties that have 
ever liquefied air either before or since. 
for thev produced at one time from 400 to 
450 gallons in 10 hours’ run of the ap- 
paratus. 

“Linde states in his English Patent (No. 
12,528—1805), with a view. probably, of 
showing that the cost of making liquid air 
by this throttled-nozzle method is more 
apparent than real, that a pressure of 
3.000 pounds per sauare inch can be used 
in the inner coil (I, Fig. 5), and that, if 
such pressure is dropped to 1,500 pounds 
through the nozzle in the expansion 
chamber D, then the return flow for cool 
ing (or the exnanded air in the outer coi! 
F) will be delivered to the air compressor 
through the pipe N at that pressure 
(1.500 pounds) ; and, if so, ‘then a reduc- 
tion of about 45° Fahrenheit will be ob- 
tained with an expenditure of energy that 
will not be greater than that required for 








compressing air from one atmosphere to 
two atmospheres.’ This reasoning might 
be good provided all the liquid air were 
evaporated again as fast as produced and 
carried back to the compressor by the 
outer coil F, although the reduction in 
temperature which it is stated would be 
realized (45 degrees) it is very doubtful ; 
but as for every gallon of liquid air made 
and drawn from the chamber D. its equiva 
lent or about 800 gallons of new free air 
must be compressed by the auxiliary com- 
pressor up to 200 atmospheres (or 3,000 
pounds) and delivered to the apparatus 
through the pipe O, then the expenditure 
of energy is clearly not ‘from one atmos- 
phere of pressure to two,’ but from one 
atmosphere to two hundred, or from at- 


mospheric pressure to a pressure of 3,000 
pounds per square inch. Besides all this 


power required, there is the power needed 
to compress the other nineteen-twentieths 
of the air used in the outflowing or cool- 
ing coil F (or 15,200 gallons, in order to 
make one gallon of the liquid) from a 
pressure of one atmosphere to two, or 
1,500 pounds to 3,000 pounds per square 
inch. It is also significant that Prof. 
Linde says in this connection that ‘ex- 
perience has shown that for the mere mak- 
ing good the losses in working, the differ- 
ence in pressure before and after release 
(or the drop in pressure in the nozzle), 
must be greater than 20 atmospheres, 
(300 pounds). 

“Possibly I have taken more space than 
called for to give these details of liquid- 
air making; but it has been justly charged 
that liquid air is costly, and for that rea- 
son that it has not met public expectations, 
and I wish to show, Ist, why it is costly; 
2d, that it can be produced at a fraction 
of its cost hitherto; and 3d, that cheap 
liquid air means cheap compressed air 
(which it is, in fact, and in the most con- 
centrated form of compression), and 
naturally cheap power; moreover, its 
cheap production leads up to the main 
object in view—Continuous Power. Other 
liquid gases, of higher temperature than 
liquid air, such as carbonic acid, acetylene 
or ethylene, may be used for continuous 
power in my system, as the principle of 
liquefaction applies to all; but liquid air 
is an ideal substance and represents the 
best type, the limit as it were, of low tem- 
peratures; and the raw material for its 
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production may be had for the taking, 
everywhere, and is both exhaustless and 
costless—three good reasons for giving it 
first a good square test in the system I 
propose. 

“The question here naturally suggests 
itself to the reader: Why not reduce the 
cost of liquid air by making the com- 
pressed air do work? Why compress air 
to the enormous tension of 3,000 pounds 
and then let it escape through a nozzle and 
thus waste all that energy, when 30 
pounds, expanded in an engine, would give 
a much greater fall of temperature—and 
the engine be made to do a good part of 
the work of running the compressor ? 

“The question is more than pertinent, 
for the gain in refrigeration or cooling of 
the air (the by-product) would be verv 
great, and the saving in power required 
for compressing the air would be enor- 
mous, aside from the power utilized from 
the engine, which would be all ‘velvet.’ as 
it were. Let us see how it would look on 
paper; for instance, referring to Fig. 6: 

“Suppose we have an air reservoir A 
supplied with compressed air at a tem- 
perature of 60° F. (the heat of-compres- 
sion having been removed by a cooler), 
and an expansion engine which is 
belted to a dynamo H. The reservoir A 
has an outlet valve J and a main pipe E, 
which is connected by a branch pipe F to 
the engine through the throttled valve G. 
The pipe E also has a branch pipe I, which 
is supplied with a throttled valve C and a 
nozzle D—the valve C when opened hav- 
ing an orifice of exactly same size as the 
valve G. (This nozzle D is practically the 
same as the nozzle D in Fig. 3.) We will 
say that the valve J is opened at a certain 
point and locked, and that the pressure in 
the reservoir A is 91 pounds gauge. By 
opening the throttle G the engine B will 
run 200 revolutions, and will develop 1o 
horse-power in driving the dynamo, and 
will take all the air that can pass through 
the valve J; and the pressure in the pipes 
E and F will show go pounds, or one 
pound less than in the tank A, and the 
engine will not be run so fast but that the 
pressure will be maintained constant at 
that tension (go pounds)—it being under- 
stood that the engine has a cut-off inlet 
valve, and that it is set so as to cut off at 
a point of the stroke so that the air will be 
expanded down (adiabatically) from 90 
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pounds to exactly atmospheric pressure at 
every stroke. Now, we will shut off the 
throttle G and open the throttled-nozzle 
valve C, and the orifice in valve C being 
exactly the same as in valve G, the pres- 
sure in the pipes E and I is 90 pounds, 
same as when the engine was running, 
thus showing that exactly the same num- 
ber of cubic feet of free air per minute is 
being delivered from the nozzle D as was 
delivered from the exhaust K of the en- 
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case; and he has replied, if that is the 
case, then from whence comes the ten 
horse power of work? 

“Tf the authorities on the fall of temper- 
ature due to the Joule-Thompson effect 
(which has been fully explained herein) 
are correct, then the temperature of the 
air as it expands from 60° F. and 90 
pounds gauge after leaving the nozzle D, 
will be 57.1° F., which is a cooling effect 
or reduction of 2.9° F. from the tempera- 
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gine when it was running—the main valve 
J not being disturbed, but being fixed and 
locked at the same point as when the en- 
gine was running. Now, what will be the 
temperature of the expanded air at each 
respective discharge—D and K? 

“The writer has submitted this sketch 
and this question to more than one me- 
chanical engineer, and has received the 
startling answer that the temperature 
would be very cold, but the same in each 


ture (60°) of the air in the pipes E and L. 
The temperature of the expanded exhaust 
air at K, from the engine (if the engine 
cylinder is thoroughly insulated, so that 
no heat can pass through its walls), will 
be found to be about 165° F. below zero, 
which is a fall of temperature of 225° F.. 
or nearly 100 times as much as the theo- 
retical fall at the nozzle D, and. probably 
200 times as much as the actual reduction 
in temperature realized in practice. 
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“The nozzle D in Fig. 6 is practically 
the same as used in making liquid air, 
with the addition of the hood or expansion 
chamber D, shown in Fig. 5. Now, if we 
take the engine B (Fig. 6) and muzzle the 
exhaust K, by adding to it the chamber D 
of Fig. 5, and the counter-current or Sie- 
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press the air used, and the further im- 
mense gain of probably 200 times the re- 
duction in temperature of the expanded 
air, and no frictional heat in chamber D. 
“The illustration (Fig. 8) will show the 
arrangement proposed, wherein is shown 
the expansion engine having the Siemens’ 
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mens’ interchanger coils | and F, (Fig. 5), 
we ought to get all the advantages of the 
throttled-nozzle method (by which liquid 
air has been produced in quantity) be- 
sides the advantage of the total gain of the 
work of the engine, which should be 60 to 
80 per cent. of the power required to com- 





Fig: 8. 


interchanger (same as shown in Fig. 5), 
and thoroughly insulated from the heat of 
the outside atmosphere by a vacuum 
jacket (V) and inclosed in hair felt (H) 
with also an insulating expansion chamber 
inclosing the engine and its exhaust ports, 
and connected with the counter-current or 
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return flow cold-air pipe F (same as the 
pipe F, in Fig. 5) for cooling the com- 
pressed air before delivery to the engine. 
“In Fig. 8 the expansion engine is 
shown at B, having a cut-off inlet valve 
gear and ordinary exhaust valves; at | 
and F is shown the interchanger, the high- 
pressure pipe of which (1) is connected 
with the discharge of the compressor K at 
one end and with the inlet valve chamber 
C of the engine at the other end—a branch 
pipe A connecting with the liquid air re- 
ceptacle L, which receptacle is to catch the 
liquefied air which drips down from the 
inner pipe | of the interchanger, and 
which is jacketed by an outer receptacle 
M to catch the liquid discharged from the 
insulating exhaust chamber D of the en- 
gine—the latter liquid being colder than 
the former, owing to its less pressure. 
At V_ is shown an insulating vacuum- 
jacket inclosing the engine, and at v a sim- 
ilar jacket inclosing the liquid receptacles. 
‘The compressor is provided with a water- 
cooler, as shown, and is driven by an out- 
side source of power from the wheel N, 
the engine, of course, doing a good part of 
the work, the moisture being absorbed 
from the air by passing same through a 
calcium chloride drum (not shown). 
“Now, if the air is compressed to 125 
pounds gauge pressure, and it is expanded 
in the engine to atmospheric pressure from 
a temperature of 60° F., the temperature 
of the exhaust will be 190° F. below zero, 
so that, instead of expanded air at a tem- 
perature of 57° F. above zero to flow back 
in the outer pipe F of the interchanger 
(as in the nozzle operation) .the return 
flow or cooling current of expanded air in 
the pipe F will be at a temperature of 190° 
below zero, or a fall of 250 degrees in- 
stead of less than 3 degrees, and the ex- 
penditure of power for compressing the 
air is for 125 pounds only instead of 3,000 
pounds. As that cold-expanded air passes 
through the exhaust chamber D and the 
outer pipe F of the interchanger, the next 
following charges of compressed air de- 
livered to the engine from pipe I will 
naturally be at or near that temperature 
also; and if expanded against resistance 
from that temperature (190° below) will 
fall theoretically to 320° F. below zero— 
thus with but two strokes of the piston, or 
one revolution of the engine crank, we get 
a fall of 380 degrees and have reached a 


temperature actually below the point of 
liquefaction. It must also be noted that 
the compressed air in the inner pipe I, 
near the engine cylinder, being under a 
pressure of 125 pounds, will liquefy at or 
below its condensation point, which is 270° 
below zero; whereas the temperature of 
the expanded air in the chamber D after 
the machine is running will be the same 
as the temperature of liquefaction, or that 
of saturated vapor at atmospheric pres- 
sure, 312° below zero, or 42 degrees colder. 

“A less compression may be used, and 
still satisfactory results be obtained. For 
instance, with 90 pounds gauge pressure 
and an initial temperature of 60° F., the 
temperature of the exhaust expanded air 
will be 165° below zero; with 60 pounds 
gauge pressure, the exhaust temperature 
will be 133° F. below zero; and with 30 
pounds gauge pressure the exhaust (from 
an initial temperature of 60° above) will 
be 103° below zero—giving a fall in tem- 
perature even at that very light compres- 
sion, of 163 degrees. 

“The fall of temperature, or increased 
refrigeration over and above that of nozzle 
expansion, if the air is expanded against 
resistance in an engine, will be exactly 
equivalent to the work done by the engine ; 
thus, besides having at the engine exhaust 
all the advantages of the nozzle without its 
friction, and with probably a much greater 
cooling effect, we realize in addition a 
positive gain at both ends—for we gain 
the power, and the air loses its heat exactly 
equivalent to that power, is just that much 
colder, the cold being simply a resultant 
effect or by-product of the transformation ; 
and cold is what we are after, for by the 
loss of its heat air becomes liquefied. 

“Having produced liquid air with our 
expansion engine and the interchanger, as 
shown in Fig. 8 (and trapped it in insula- 
tion where the heat of the atmosphere can- 
not get at it), let us see what results would 
be obtained if we should use this liquid air 
over and over again in the same engine— 
exposing it to and absorbing heat from the 
atmosphere to evaporate it under a pres- 
sure, and then converting that heat into 
work by expanding against resistance in 
the engine, thus re-liquefying the air; and 
then completing the cycle of Carnot’s 
function by returning it to the same con- 
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dition as to pressure, volume and tem- 
perature that it was found in. 

“The declaration by Carnot is here 
worth repeating: ‘Wherever there exists 
a difference of temperature, motive power 
can be produced.’ We have the difference, 
and it is ample—382° F. But suppose we 
boil the liquid air, by exposing it to the 
atmosphere, until 125 pounds gauge pres- 
sure is indicated, and use its vapor (air) 
as fast as it boils at that pressure. Ols- 
zewski (and he is good authority) gives 
as the boiling point of liquid air, under a 
tension of 125 pounds gauge pressure, as 
about 270° F. below zero. With the in- 
itial temperature at that point, 270° F. 
minus, the temperature of the exhaust 
from the engine will be theoretically at 
362° F. below zero, which is 50° below the 
temperature of liquefaction at atmos- 
pheric pressure ; and the difference of tem- 
perature between 270° below and the nor- 
mal of the atmosphere (70° above) is 340 
degrees. 

“The critical temperature of air is 220° 
F. below zero, above which it will not 
liquefy ; and the critical pressure (or pres- 
sure required for liquefaction at that tem- 
perature) is 39 atmospheres, or 559 pounds 
gauge, at which critical point latent heat 
becomes nil. By compounding the expan- 
sion engine and working from that or 
higher initial pressures, or from an initial 
temperature of slightly above the critical 
(220° below) the final temperature of the 
exhaust would be theoretically 370° F. be- 
low zero, or 58 degrees below the tem- 
perature of liquefaction. 

“In the improved form of expansion 
engine for continuous power, being built 
by me,” says Mr. Place, “provision is made 
for compound-expansion cylinders, the 
high-pressure cylinder being supplied from 
a boiler, and the low-pressure cylinder 
alone being supplied by a compressor, the 
latter cylinder exhausting into a partial 
vacuum in a separate interchanger attached 
to the exhaust of the high-pressure cylin- 
der as a surface condenser. In this way 
the temperature of liquefaction of the ex- 
haust of the high-pressure cylinder is 
raised to about 100 degrees above the tem- 
perature of that of the low-pressure ex- 
haust, and the latent heat almost entirely 
eliminated; this method largely increases 
the effective power of the engine, and in- 
sures absolute and total liquefaction of 
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every exhaust charge, the exhaust chamber 
being practically also a condenser. 

_ “In Fig. 9 this form of engine is shown 
in a conventional way, the cylinders be- 
ing inclosed in the insulating case J, two 
liquid-air boilers, W, being shown, pro- 
vided with air flues, S, for supplying same 
with large quantities of free atmospheric 
air at normal temperature, from which the 
moisture has been absorbed by calcium 
chloride. 

“The boilers are supplied with large 
quantities of free dry air at normal tem- 
perature, which is forced through a cal- 
cium chloride drum and the flues S by a 
fan-blower. This air passes up through 
the tubes in the boilers same as hot air 
through an automobile steam boiler, and 
then is carried off through the large in- 
sulated cold air flues X, and may be used 
for cooling or ventilating purposes—the 
refrigeration thereof being a by-product. 
The dry free air as it passes through the 
liquid gas boilers gives up its heat to the 
liquid (air or other gas) and causes it to 
rapidly boil (evaporate), and when suf- 
ficient pressure is generated a relief valve 
is forced open and this evaporated liquid 
gas under tension (cold compressed air 
or other gas) is delivered to the engine 
again, and thus the heat which has been 
absorbed from the atmosphere through 
the liquid gas boilers is also converted 
into mechanical work, and the cold ex- 
panded gas, thereby losing its heat again, 
becomes liquefied and is delivered to the 
insulated receptacle (L, Fig. 9). Prac- 
tically all of the evaporated gas (with 
the aid of the condenser), will be lique- 
fied this time, for it is a law of physics 
that the vapor, gas or steam from a liquid 
is always of the same temperature as that 
of the liquid from which it evaporates; 
therefore the vapor from the boilers (W), 
under such pressure as desired, will be 
delivered to and expanded in the engine 
at the same low temperature as the boil- 
ing liquid gas in the boilers. Meanwhile 
the compressor having stopped working 
(being arranged as is the common prac- 
tice to automatically stop when a certain 
pressure is attained), the power of the 
engine, derived entirely now from the heat 
taken from the atmosphere, may be util- 
ized for other work, its speed being 
limited the same as with a steam engine 
by the heating capacity of the boiler, 
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Mr. Place declares that “temperature is 
not power; it is simply a resultant mani- 
festation—the evidence of the change from 
heat to power or power to heat. That in 
the transformation of heat to work in an 
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is also a by-product of the conversion of 
heat into work in an insulated expansion 
engine. That heat and power alone are 
the equivalents, one of the other—not tem- 
perature. Nature deals in equivalents, it 
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expansion engine, the fall of the tempera- 
ture of the expanding air is a by-product 
of the operation; and that refrigeration 
being a by-product, necessarily liquid air 


is true, and its laws are most exacting; but 
there can only be two equivalents—one of 
the other; there cannot be a third. The 
temperature, the refrigeration, or liquid 
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air, if you please, has cost no energy; the 
work recovered is the mechanical equiva- 
. lent of and has cost (if such a term may 
be used) all the energy (heat) expended; 
therefore the temperature, refrigeration or 
liquid air is simoly the evidence of the loss 
or disappearance of the heat transformed, 
and is consequently a by-product of the 
operation of the conversion of such heat 
into work. 

“IT have disproved by actual experi- 
ments at least three theories which had 
become through popular fallacy ‘bogies’ 
of the first magnitude, namely—tst, that 
an engine cannot be run without lubrica- 
tion; 2d, that thorough insulation cannot 
be maintained, and 3d, that the moisture 
in air cannot be removed. 

“Experience shows that an engine can 
be run without lubrication, and that it 
runs better cold than hot; that thorough 
insulation of an engine cylinder is as easy 
of attainment as the insulation of a steam 
pipe from the normal temperature of its 
surroundings ; and that by the passage of 
compressed air through a drum filled with 
calcium chloride the moisture thereof may 
be thoroughly absorbed therefrom.” 


The Substructure for the 1,800 Ft. Canti- 
lever Bridge at Quebec, Canada. 


The longest span bridge in the world is 
now in process of construction across the 
St. Lawrence River, about seven miles 
west of Quebec, Canada. 

The substructure of the Quebec Bridge 
consists of three masonry structures on 
ach side of the river as follows: An abut- 
ment on the top of the rocky cliff, an 
anchor pier at the foot of the cliff and 210 
ft. from the abutment, and a main pier 
near the margin of low tide and 500 ft. 
from the anchor pier. The two main 
piers, as before stated, are 1,800 ft. apart. 
Those on the north shore were exactly 
similar in all respects, except the volume 
of masonry contained. The same state- 
ment is true with respect to the main 
piers. The masonry is granite face work 
with concrete backing, except the coping 
courses of the abutments and anchor piers 
and the upper 19 ft. of the main piers, 
which are solid granite masonry through- 
out. 

The most interesting features of the 
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foundation work are the construction, 
equipment and method of sinking the 
caissons and the contractor’s plant and 
equipment for performing the construc- 
tion work of the main piers. Since all 
these features were the same, except in 
minor details, for both piers, a descrip- 
tion of the south pier work alone is suf- 
ficient to explain clearly all the work. 

The caissons for the two main piers 
were identical in construction and dimen- 
sions, and were 49 x 150 ft. in plan and 
25 ft. high. The timber used was yellow 
pine from Georgia, and all main timbers 
were 12 X 12 ins, in section after dressing, 
The outside sheathing consisted of two 
layers of crossed diagonal planking spiked 
to the sidewalls. A single layer of plank- 
ing was employed to sheath the ceiling 
and walls of the working chamber and 
both sides of the dividing bulkheads. 
This chamber was 61% ft. high in the clear 
and was divided into six compartments by 
the transverse bulkheads 2'% ft. thick, 
just mentioned. ‘The sidewalls at the bot- 
tom are beveled at a very flat angle to 
make a cutting edge 9 ins. wide, which is 
shod with a 34-in. x 6-in. x 6-in. steel 
angle. Generally speaking, the construc- 
tion of the caissons involves no new fea- 
tures other than the method employed to 
avoid annoying leaks of water into the 
shafts due to the wide variation of tide 
level, and their construction requires no 
further description than is given in the 
plans. 

The trouble from leakage and_ the 
method of remedying it may be described 
as follows, premising first that the six 
compartments of the air chamber were 
each made accessible by means of a ma- 
terial shaft 3 ft. in diameter. It was 
found that the rising tide would fill the 
shaft wells with water and that, aided by 
the leaks of air from the chamber, this 
water would reach a_height somewhat 
above the river level. No trouble was ex- 
perienced from the leakage of this water 
into the shafts until the tide began to fall 
and the air pressure was correspondingly 
reduced, when the water in the shaft well 
escaping less rapidly than it had come in 
would soon exceed the chamber air pres- 
sure, and thus force an entrance into the 
shafts at the deck line and into the cham- 
ber at the ceiling by loosening the oakum 
in the seams. But for the fact that the 
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air chamber was double-calked with four 
threads of oakum, this excessive inward 
pressure would have caused very serious 
trouble by entirely dislodging the oakum. 
As an indication of the pressure encoun- 
tered it may be noted that on one occa- 
sion during extreme high tide alarm was 
given that the roof of the caisson was 
caving in, when, upon investigation, it 
was found that this excess water pressure 
was great enough to draw the %-in. x 7- 
in. spikes with which the 3-in. lining was 
spiked to the roof timbers near a shaft, 
and force several planks downward, giv- 
ing the appearance of the roof giving 











vided with a material shaft, a blow-out 
pipe, an air signal pipe and a water pipe. 
The main air supply pipe entered through 
the roof of one of the center compart- 
ments. The longitudinal sectional eleva- 
tion, Fig. 2, shows the arrangement of the 
water and blow-out pipes. 

The six working shafts were built of 
8-ft. sections of 36-in. wrought-iron cylin- 
der bolted together with gaskets and out- 
side flanges, and connected to the deck 
with 24 3%-in. bolts passing through a 
special cast deck flange, and the three 
courses of deck timbers, as shown by 
Fig. 1. There were two plain shafts used 
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by away. lhe leakage mentioned was great- for materials only and four ladder shafts 
sig est and most annoying where the shafts used for both material and workmen. The 
at passed through the deck, and profiting cross-section of the ladder shafts in each 
X- by the first experience, rubber gaskets in case consisted of 300° of a circular cylin- 
er the horizontal seams and stopwaters in . der, and for the remainder of the peri- 
all the vertical seams were employed around meter of a bent plate offset beyond the 
sly each shaft opening, as shown by Fig. 1. circle. The space afforded by this off-set 
ell lhese devices proved to be an effective accommodated a ladder, and thus left a 
remedy for the trouble. 36-in. diameter space clear for the pas- 

lhe equipment of the caisson for sink- sage of material, as shown by Fig. 3. The 
‘he ing comprised air and water pipes, ma- two plain shafts were complete cylinders 
m- terial shafts, air locks and accessories. 36 ins. in diameter, and were the only 
im Described in more detail, each compart- ones provided with material locks. 
the ment of the working chamber was pro- 





The two material locks were adapted to 
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work on top of any of the six shafts, but shafts by passing it from the adjacent 
during the process of sinking the caiscon chambers. When sealing the chamber, 
were kept on the two plain shafts, and ma- the locks were transferred from shaft to 
terial which would not pass the blow — shaft as each compartment was filled with 
pipes was accumulated at the foot of these concrete. A portable platform was built 

level with the top of each lock and skips 
aarrER filled with concrete were landed thereon 
I and dumped directly into the locks, and 
when the latter were equalized the charge 
of concrete would drop through the shaft 
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FIG. 3—DETAILS OF MATERIAL SHAFTS FOR 
MAIN PIER CAISSONS. 
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id provided with two of these and they were 
‘adiy raised as new sections of shaft were 
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yr added. Before using any of these shafts 












1 Riles for concreting, the top diaphragm and 

6 i Ai door was removed and a Moran lock put 

- © $}| its place. The lower of the two diaphragms 

Fi || was made up of two plates, the smaller 

ade/| one containing the door being slightly 

ll] smaller than the shaft was unbolted from 

f i oil the larger plate and lowered into the air 
We NM chamber, thus leaving a circular opening 


2 ft. 71% ins. in diameter through which 
the concrete could readily drop when re- 
leased from the lock. By the use of these 
diaphragms it will be seen that man locks 
of varying capacity could easily and 
FIG. 2—GENERAL DETAILS OF PIPE OPENINGS quickly be made. After sealing the cham- 

IN DECK OF MAIN PIER CAISSONS, ber, all the shafts were unbolted from the 
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cast-iron Z-bar shoe and lifted out in one 
piece and the several sections afterwards 
unbolted, thus preserving the shafts un- 
hurt. 

The material locks used were Moran 
locks and were attached to the tops of the 
two plain shafts. The construction of one 
of these locks is shown in detail by Fig. 4. 
As will be seen, the lock chamber is 
about 12 ft. long and 5% ft. in diameter, 
and is provided with upper and lower 
doors. The lower door is circular and 
double-hinged so that it swings entirely 
clear of the opening. The upper door is 
made of two halves hinged to links, which 
work in guides carrying them away from 
the opening. Both doors close on rubber 
gaskets and are operated by counterbhal- 
anced shafts. To permit the working of 
the hoisting rope through the upper door 
when closed a semicircular groove is cut 
in the closing edge of each half which 
form a circular hole when the door is 
closed. A stuffing box carried by the 
rope closes this hole against the escape of 
air while allowing the rope to pass freely 
through it. Fig 4 shows the construction 
of this stuffing box, and of all other de- 
tails of the air locks. 

The two locks described were used con- 
tinuously in sinking the caissons, and 
proved to be very valuable machines. 
They were capable of passing iron buckets 
34 ins. in diameter and 48 ins. deep, these 
buckets being filled with excavated ma- 
terial and hoisted directly from the air 
chamber by a %-in. wire rope operated 
by a hoisting engine located on the work- 
ing platform. With the aid of these two 
locks in passing the concrete to the work- 
ing chambers, perhaps the quickest work 
in sealing an air chamber of such size was 
done in sealing the chamber of the north 
caisson. The work was begun at 7 a. m., 
Oct. 31, and contiuously prosecuted until 
7 a.m., Nov. 6, when the work was com- 
pleted. During the 144 hours of actual 
work about 1,500 cu. yds. of concrete 
were passed into the air chamber, the 
largest record being 250 cu. yds. in twelve 
hours of the night of Nov. 3. 

Referring to Fig.2, it will be seen that 
a 4-in. water pipe is run along the deck of 
the caisson near the longitudinal center 
line, which has six vertical 3-in. pipes ex- 
tending into the six compartments of the 
working chamber. There are also six 


blow-out pipes 4 ins. in diameter, one ex- 
tending into each compartment. The 
water pipes having gate valves and the 
blow-out pipes have special cast-iron plug 
valves, giving a 4-in. clear way for the 
passage of mud, sand and small stones. 
The connections of the water and blow- 
off pipes to the caisson deck are shown 
at (a) and (b) in Fig. 2. The air pipe is 
6 ins. in diameter. It passes through the 
caisson deck and terminates in an elbow, 
the horizontal open end of which is closed 
by a hinged iron disk faced with leather. 
The details of this pipe are shown at (c) 
in Fig. 2. 

The caissons were constructed on the 
north bank of the river, at a point about 
4,000 ft. below the site of the bridge. 
They were built ready to sink before 
launching, and weighed about 1,600 tons 
each. The launching ways were four in 
number, each 30 ins. wide and about 300 
ft. long, and having an inclination of 1 in. 
per foot. The running ways were 32 ins. 
wide and 60 ft. long, and had an effective 
bearing area of about 550 sq. ft. in the 
aggregate, thus making a load of about 
three tons per square foot at the time of 
launching. Owing to this great pressure 
some difficulty in launching was appre- 
hended, but by the use of a superior beef 
tallow thoroughly and treshly applied, the 
friction was so reduced that the effort 
down the ways was great enough to split 
four 12 x 12-in. yellow pine sticks with 
the grain through a length of 12 ins., and 
release four 1%4-in. screw bolts with 
which the two end sliding ways were 
bolted to the fixed ways. The launch was 
made broadside on, and without accident 
in case of either caisson. 

The north caisson was launched on 
June 20, 1901, and the south caisson on 
May 26th, 1902. Prior to launching each 
caisson a timber working platform having 
an area of about 12,000 sq. ft., was built 
on piles around the corresponding pier 
site. The piles for these platforms were 
shod, the better to penetrate the boulder 
formation. 

At the site of the piers the water had a 
depth of about ro ft. at low tide and 29 ft. 
at high tide. As the caissons unloaded 
drew about 12 ft. of water they grounded 
at low tide and floated at high tide. The 
widely varying tidal range occasioned no 
trouble or inconvenience in handling the 
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caisson while afloat, but when it would 
barely float at high tide care was required 
to have it grounded in correct position. 
Before the next high tide, 12 hours later, 
sufficient concrete would be added to pre- 
vent the caisson from floating again. 
Therefore as soon as the caissons were in 
position the work of loading them with 
concrete was begun and prosecuted con- 
tinuously until the crib-work above the 
deck was entirely filled ready to start the 
pier masonry. 
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FIG. 4—DETAILS OF MORAN AIR 


Simultaneously groups of men were put 
at work in the chamber excavating and 
removing the boulders constituting the 
river bed. There were no unusual fea- 
tures in sinking the caissons other than 
the material to be penetrated, which con- 
sisted of sand, gravel and boulders, some 
of which were many tons in weight, so 
compacted as to be impervious to com- 
pressed air. Due to this latter fact it was 
possible to keep the excavation below the 
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cutting edges of the caissons as much as 
4 ft. without any difficulty, thus greatly 
facilitating the removal of boulders. 

All boulders too large to enter the 34 x 
48-in. iron buckets used in removing the 
excavated material were drilled and 
broken by dynamite, 3,000 lbs. of this ex- 
plosive being used in sinking the south 
caisson, and without a single case of in- 
jury from this cause and without the men 
suffering from the gases evolved. The 
air chamber was lighted by 16-c. p. in- 
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candescent electric lamps, about 100 being 
used in the six chambers. The current 
which supplied the lamps was also used 
to fire the dynamite charges by attaching 
the leading wires to a lamp socket. When 
a blast was to be fired the most convenient 
lamp was unscrewed and the socket at- 
tached to the leading wires was inserted 
and as soon as contact was made the shot 
was fired. This proved to be quicker, 
more reliable and more economical than 
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the blasting battery generally used for 
such purpose. 

The sinking of the south caisson was 
begun on June 7, 1902, and finished on 
Oct. 17, thus requiring 131 days to sink 
59 ft., or at an average sinking of 5.4 ins. 
per day, varying from a minimum of 2 
ins. to a maximum of 10 ins. The num- 
ber of men employed at the bridge site 
varied from 500 to 600, and at the quarry 
at Riviere a Pierre from 100 to 300. The 
number employed in the air chamber of 
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FIG. 5—PLAN AND ELEVATION OF CONTRACTOR'S 


the south caisson varied from 225 to 300, 
divided in the beginning into three shifts 
of eight hours each. This continued until 
a depth of 50 ft. was reached, when four 
gangs were employed, working six hours 
each. When a depth of 65 ft. was 
reached, six gangs were used, working 
four hours each, until a depth of 75 ft. 
was reached, when eight gangs were em- 
ployed, working three hours each until 
the final depth of 80 ft. was reached. The 
maximum air pressure used in sinking the 
south caisson was 36 lbs,, and was en- 
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dured by the men with little inconvenience 
and without developing any serious case 
of “bends.” 

It is impossible to determine with any 
exactness the percentage of materials re- 
moved through the blow pipes, as no 
means were: used to gauge the volume, 
but it is believed that this percentage did 
not exceed 10 per cent. in the case of the 
north caisson or 25 per cent. in the case of 
the south caisson. The north caisson was 
sunk to a depth of 60 ft. below high 
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water, but owing to the existence of a 
widely extended pocket of sand at this 
depth on the south shore, the south cais- 
son passes through this sand and to a 
depth of about 80 ft. below high tide, giv- 
ing it a penetration of 59 ft. into the 
boulder formation. 

The compressed air power plant which 
supplied all the power for the work, con- 
sisted of three duplex compressors, with 
16 x 18 x 18-in. cylinders; one 16 x 10 x 
10-in. duplex high pressure pump; one 
18 x 10 x 12-in. duplex high pressure 
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pump; one 18 x 10 x 10-in. duplex high 
pressure compound pump; one 10 x 18 x 
18-in. single jet condenser; one 10 x 6 x 
10-in. duplex boiler feed pump; two 6 x 4 
x 6-in. duplex boiler feed pumps; two 
714-KW. electric light generators, and two 
Moran air locks. Thismachinery and all the 
hoisting engines were supplied with steam 
by a battery of six 100-HP. boilers work- 
ing under forced draft and supplied with 
hot water through a feed water heater. 
The power house and machinery, includ- 
ing the boilers, was set on a heavy con- 
crete foundation. The water supply was 
taken from the river through one 18-in. 
suction pipe, a 6-in. pipe also being laid 
for use in feeding the boilers in event of 
accident to the 18-in. pipe. 

The contractor for the substructure of 
the Quebec Bridge was Mr. M. P. Davis, 
of Ottawa, Ontario, whose staff consisted 
of Mr. A. A. Stuart, M. Am. Soc. C. E., 
Resident Manager; Mr. W. L. Scott, Me- 
chanical Engineer; Mr. Henry Barnes, 
Day Superintendent, and Mr. Charles 
George, Night Superintendent of Pneu- 
matic Work. Mr. Stuart states that the 
substructure work will involve a cost in 
treasure of about $1,200,000.—Engineering 
News. 





Pneumatic Jack. 





Our attention has been called to a new 
form of Pneumatic Jack, which is the 
invention of Mr. Jas. Macbeth, Supt. of 
the car shops of the New York Central 
R. R,, at Buffalo, N. Y. This jack con- 
sists of a large and small cylinder placed 
side by side, both mounted on a single 
base having two wheels and a suitable 
handle for moving about. The larger 
cylinder is about 1514” in diameter and 
has inside a piston rod with two large 
pistons properly packed. The lower end 
of the piston rod is enlarged and works in 
a small oil or hydraulic pump cylinder. 
This connects with the outside or jack 
cylinder. The lower portion of the large 
cylinder is used as an oil reservoir to 
supply the pump cylinder. 

In operation air is admitted to the upper 
sides of both of the large pistons, this 
exciting a double pressure on the piston 
rod which is forced down into the pump 
cylinder, and forcing the oil over into the 
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jack cylinder. The pump cylinder being 
only 4” in diameter the pressure is largely 
multiplied. Each full stroke of the large 
combined piston of about 7” forces the 
jack plunger out the same distance. A 
check valve is placed at the bottom of the 
jack cylinder so that the plunger cannot 
slip back. A two-way valve is provided 
to admit air to the top of both working 
pistons or to the bottom of the upper 
piston to make the return stroke. A _ by- 
pass valve also allows the oil to flow back 
from the jack cylinder to the reservoir. 
The usual hose coupling and length of 
flexible hose is also provided for. It is 
claimed that with too lbs. air pressure 
this jack will lift 37,252 Ibs. Referring 
to the device, Mr. E. P. Mooney says: 

“T have seen this jack in operation 
from time to time and will candidly say 
it is about the only appliance on the mar- 
ket to-day, that will raise these 100,000 
Ib. cars without using a double set of 
hydro jacks. 

“IT have also seen this jack tested when 
the car has been raised, and the air hose 
disconnected, and must say it is an im- 
possibility to have an accident occur by 
having any part of the jack or hose give 
way, in other words, if the hose, air pipe 
or any part of the jack should give out, 
the air is locked in the jack in such a 
manner that it is impossible for the load 
to come down. 

“Another important feature of this jack 
is that the left piston is so offset from the 
center line of the cylinder of jack that 
they can be placed under steel cars at the 
body bolster and not interfere with the 
moving of the truck under car when it 1s 
jacked up, as is the case with all other 
air and hydro jacks.” 





Port Huron Air Motors and Drills. 


The illustrations show a line of pneu- 
matic apparatus recently designed and 
manufactured by the Port Huron Air 
Tool Co., Ltd., of Port Huron, Mich. 
The firm is a comparatively recent organi- 
zation and has been formed with the in- 
tention of bringing out special designs in 
air driven mechanism and practically ap- 
plying them to jib cranes, stationary 
motors, traveling cranes, etc, 
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The Port Huron motor consists of a 
couple of oscillating cylinders, each 
double acting and set at right angles in 
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an air tight case as shown in the interior 
view of the motor seen in Fig. 1. There 
is no movable valve mechanism as the 
oscillation of the cylinders opens and 
closes the ports and causes a sharp cut-off. 
A small quantity of oil is kept in the case 
so that the crank splashes the lubricant 
upon the valve seats and the air carries 
it through the inlet ports to the pistons. 
All motors are reversible and those of the 
same size and type are interchangeable. 
It will be noticed that the cylinders oscil- 
late from the extreme end. There are 
eight ports to each engine. When the 
engine is on the dead center the air is 
shut off. Four of the ports of each 
cylinder head operate at the same time, 
two feeding and two exhausting so that 
when the engine turns off the dead center 
the feed and exhaust ports open and when 
the engines are on half stroke the ports 
are wide open and then gradually close 
until the dead center is reached and the 
cycle of operations commences anew. 
The cylinder head is a bronze casting 
and the cover is cast iron on all motors. 
The cylinder heads in the drills are 





FIG. 2—FRONT VIEW OF 
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bronze castings whilst the covers are made 
of aluminum with steel bushings. The 
two wearing surfaces are thus of different 
metals and are scraped to a surface plate 
and the engines are all tested under pres- 
sure and sent out perfectly tight. The 
cylinder rocks on a trunnion which is 
stationary with a spring under the lock 
nuts on the cover. The spring is made 
strong enough to take up all wear that 
may come on the two faces. The bearing 
fits on the pin for the full width of the 
box and the oscillation is so small that it 
takes proportionately about six turns of 
the crank shaft for one turn on the 
trunnion. Every’ bearing is_ bronze 
bushed and the shafting is made of high 
grade steel. 








FIG. 3—STATIONARY MOTOR APPLIED TO JIB 
CRANE. 


The drills are made with aluminum 
cases. ‘The drill is readily reversed by a 
three-way valve. When the tool is em- 
ployed in boiler tube work, the reverse 
movement is of great convenience in con- 
tracting the expander for the next opera- 
tion. The gear box is interchangeable so 


that the tool can be made to tap holes up to 
1% inches by a variation in the gearing 
ratio, the spindle speed being from 30 to 40 
turns per minute. 

The motor illustrated in Figure 3 is 
gearing for attachment to a jib crane 
or derrick and may be applied in a similar 
manner to locomotive turntables or the 
running of any individual machine. A 
4-ton air motor hoist is shown in Figure 
4. The motor handles the load through 
straight line gearing at the rate of 12 
feet per minute. The company claims 
that the hoists will lift as much again 
as the catalogued capacity and_ that 
the hose may be disconnected and the load 
held indefinitely without the use of any 
additional brake. The valve is operated 
by two chains reaching to within four feet 
of the ground and by this means the 
motor may be instantly stopped, started 
or reversed. The valve is self closing 
when the chains are released. The hoist 
is made with a winding drum and equip- 
ped with a wire rope, with double or 
triple sheaves and will lift from one to 
ten tons. Twenty-four of these station- 
ary motor hoists are in use by the Bass 
Foundry & Machine Co., of Fort Wayne 
Ind.—/ron Trade Review. 





Various Methods of Conveying Power to 
the Interior of Mines.* 


One of the most useful methods of 
transmitting power to a distance, and one 
of the best adapted to the requirements of 
mining, consists in the employment of 
compressed air as the medium of trans- 
mission. It is worth while taking note of 
the fact that this method was introduced as 
early as 1849 for driving an underground 
winding engine at Govan Colliery by 
Messrs. Randolph and Elder—the prede- 
cessors of the present Fairfield Shipbuild- 
ing and Engineering Company. But the 
greatest impetus to the employment of 
compressed air in mining operations was 
given when the first long railway tunnels 
through the Alps were being driven. The 
Mont Cenis and St. Gothard tunnels— 
respectively seven and nine miles in length, 
without intermediate shafts—would have 

*A paper read before the Glasgow University 


Engineering Society, by Mr. T. Linsey Galloway, 
December 4, 1902. 
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been a financial impossibility without the 
use of mechanical rock drills which en- 
abled the work to be completed within a 
reasonable time. The drills were driven 
by means of compressed air, which was 
conveyed by a line of pipes from compres: 
sors near the entrances to the tunnels. 
The compressors were actuated by water 
power obtained from the mountain 
streams. M. Sommeiller, the engineer 
who had charge of the Mont Cenis Tunnel, 
demonstrated the practicability of convey- 
ing power by compressed air, without ser- 
ious loss, for a distance of four or five 
miles; and the experience gained at the 
Mont Cenis Tunnel and in subsequent un- 
dertakings, led to great advances in the 
construction and design of rock drills and 
air-compressors. It was a _ remarkable 
achievement in those days when electric 
transmission was still unthought of, that 
the impetuous Alpine torrents should have 
been harnessed in the service of man, gen- 
erating power which could be conveyed 
far into the interior of the mountains, and 
making it possible eventually to pierce 
those rocky barriers from side to side. 
Compressed air is well adapted to driving 
all the various classes of machines, which 
are usually required in the interior of 
mines. The machines themselves do 
not essentially differ from ordinary steam 
engines, except that the exhaust passages 
should be as short as possible, and of 
ample area in order to prevent them from 
becoming choked with ice. In coal mines 
which are liable to the dangers arising 
from explosive gas and dust, compressed 
air is specially prized as a means of driv- 
ing drills and mining machines. Its abso- 
lute safety constitutes one great recom- 
mendation. Another advantage, which 
applies to mines of all classes, is that the 
low temperature of the exhaust helps to 
cool the mine and assists the ventilation. 
One of the difficulties of deep mining 
arises from the ever-increasing tempera- 
ture of the earth’s crust. The rate at 
which the natural temperature of the 
rocks increases has been the subject of 
much investigation. Many observations 
have been made in all parts of the world, 
from which it appears that no uniform 
rate can be established which will be ap- 
plicable to all cases. A rock temperature 
of 80 to 90 degrees, however, is by no 
means unusual in deep mines, and it will 
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readily be understood that the cooling 
effects arising from the use of compressed 
air are much appreciated under such cir- 
cumstances. In the gold-mines of the 
Transvaal it is customary, when work is 
suspended at meal hours, to open up the 
mains and allow the compressors to run 
full speed, with a view to cooling and im- 
proving the ventilation, a circumstance 
which the manufacturers of compressors 
require to take into account in designing 
machines well governed and of sufficient 
strength to withstand the extra strain so 
brought upon them. ‘The chief defect of 
compressed air as a medium for trans- 
mitting power arises from the waste of 
energy which generally takes place. When 
air is compressed, a great amount of heat 
is developed in the process. This heat is 
rapidly lost as the air passes along the 
pipes. When it arrives at the motor it 
has attained practically the same tempera 
ture as the atmosphere of the mine. After 
it has done its work, and is exhausted from 
the motor, it falls to a low temperature in 
expanding to the atmospheric pressure. 
The latter circumstance is a positive ad- 
vantage from a sanitary point of view, as 
already stated. But the heating of the air 
during compression entails a positive loss 
of power by dissipation of energy, and is 
therefore to be avoided as much as pos- 
sible. Formerly several devices were in- 
troduced for keeping the air cool. The 
compressing cylinder was enveloped in a 
cold water jacket—a jet or spray of cold 
water was injected into the cylinder—or 
the cylinder was completely filled with 
water, as in Sommeiller’s compressor, and 
the air was compressed in vertical cham- 
bers at each end of the cylinder in which 
the water rose and fell with the recipro- 
cating motion of the piston. Most of these 
devices have now disappeared in favor oi 
the system which is known as stage com- 
pression. In this system the air is first of 
all raised to a certain intermediate pres- 
sure. The heat which it has developed is 
then extracted by causing it to pass 
through a cooler. It then passes on to a 
second compressing cylinder in which it 
undergoes further compression. It may 
be again cooled and the same process con- 
tinued to higher stages, but only two 
stages are generally employed in the case 
of pressures not exceeding 100 lbs. An 
instance may be given by some particulars 
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of a pair of air-compressing engines by 
Messrs. Walker Brothers, of Wigan. The 
steam cylinders are on the Corliss prin- 
ciple. The engine frames are of the trunk 
type. The Corliss valves are controlled by 
a governor. ‘The air cylinders are on the 
double stage system of compression, with 
cylindrical water jackets. The  inter- 
mediate cooling apparatus consists of a 
large number of brass tubes enveloped in 
water, which is made to circulate by means 
of apump. The steam cylinders are 33 in. 
and 57 in. in diameter respectively ; the air 
cylinders are 29 in. and 48 in. in diameter 
respectively. Length of stroke. 5 ft. The 
approximate air pressure is 100 lbs. per 
square inch. 

In order to exhibit the advantage of 
double-stage compression, we shall make a 
calculation of the amount of energy re- 
quired to compress air under various sup- 
positions. If air could be compressed 
without any rise of temperature, its pres- 
sure would vary inversely as its volume, in 
accordance with Boyle’s law. This would 
be the case if the heat due to compression 
could be abstracted as quickly as it is pro- 
duced. Under these circumstances it is 
easy to prove that the number of foot 
pounds necessary to compress a mass of 
air from pressure pa to pressure py would 
be 


W, = Pata log Po 
é€ pa 


This is the ideal towards which actual 
compressors should approximate, but to 
which none ever attains. On the other 
hand, if there were no abstraction of heat 
at all during the process of compression. 
the ratio of pressure and volume would 
follow the law of non-transmission of 
heat, according to which 


1 
© = Va (= ) ? 
Pp 


where is the number 1°41 which ex- 
presses the ratio of the specific heat of air 
at constant pressure to its specific heat at 
constant volume. On this supposition, the 

energy required would be 
heath. ) 

’ , \ 0 
W,=— para (2?) on b> 
y—1 (\ Pa \ 


In practice, however, neither this nor 


4 


Boyle’s law expresses what actually takes 
place, because there is always some cooling 
effect produced during compression py 
radiation and conduction of heat from the 
compressing cylinder, even if no special 
means of cooling are adopted. Under these 
circumstances the law of variation of pres- 
sure and volume may be assumed to lie 
between the two extremes, and to be of 
the form 


1 
v= Va ( os ) 7 


where m is the number greater than unity 
but less than 1°41. On this supposition, 
the energy required would be 
n—1 
, 7 
W 3 : Pa Va 4 Pe ) nm —1 ( 
n—t\ (* Da / ) 


Now, if the air, instead of being com- 
pressed in one stage, from pa to pb, is 
first compressed to an intermediate pres- 
sure, which we shall denote by pm, and is 
then cooled to its original temperature, and 
afterwards compressed from pm to pp in 
another cylinder, as in the compressing 
engine just described, the amount of en- 
ergy expended will be expressed by two 
terms similar to the last, viz.:— 


4 n—1 7 
w,= Pa ta J | { Pre) ni =«4 | 
ah” (l pa 
n—1 X 
+ [(PO on —1]} 
Pm ) 


But inthis formula pm is indeterminate. 
In order to obtain the best results from 
two-stage compression, however, it is evi- 
dent that this expression ought to have its 
minimum value, and adopting the usual 
process of the differential calculus, we find 
that this will be the case when— 


Pm*=Dpa po. 
Accordingly, the best result of two-stage 
compression is obtained when we substi- 


tute the value of pm thus determined, and 
the final result is— 


" n—1 
W,= ~*~” pata }( ” ) 2n — if 
n—1 \\ pa 


It is easy to deduce also what the relative 
diameters of the two compressing cylin- 
ders ought to be, supposing they have the 
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same stroke, 
follows :— 


as is usual; the result is as 


D i “pb | 
d (zy. 


For example, if the final pressure is to be 
100 lbs. above atmospheric pressure, the 
diameter of the larger cylinder ought to be 
one and two-thirds that of the smaller, a 
result which agrees exactly with the prac- 
tice of the best makers. 

All the foregoing formule are illustrated 
by the accompanying diagram. O V is 
the direction in which volumes are meas- 
ured; O P is the direction in which pres- 
sures are measured; the dotted line indi- 
cates the atmospheric pressure; O A is the 
initial volume; B F C is the curve of 
isothermal compression; B E D is the 
curve of singe-stage compression; B E 
represents the first stage in two-stage com- 














pression; E F is the shrinkage of volume 
in the passage of the air through the 
cooler; F G is the second stage of com- 
pression. The area D E F G represents 
the saving effected by double stage as com- 
pared with single-stage compression. In 
order to illustrate these results, let us take 
a numerical example. We shall assume 
the index n te have the value 1°25, a value 
which agrees with actual experiment, and 
let it be required to compress air from 
atmospheric pressure to 100 pounds per 
square inch above atmospheric pressure. 
Using these data, and remembering that 
the pressures in the formule are absolute, 
so that pa = 14°7 and pp = 114°7. we ob- 
tain the following results, expressing the 
number of foot-pounds of work required 
to compress one pound of air under each 
of our three suppositions :-— 
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Foot-pounds. 
1. Isothermal compression... . 
2. Single-stage 
3. Two-stage 


560,927 
70,383 
63,179 


In other words, compared with the ideal 
of isothermal compression, the work ex 
pended in single-stage compression is 23 
per cent. more, and in two-stage compres- 
sion only 11 per cent. more, a clear saving 
of 12 per cent. There is no doubt an ad- 
ditional saving in two-stage compression, 
arising from the fact that the average tem- 
perature of each of the cylinders must be 
lower than when all the work is done in 
one cylinder. The author does not know 
that this saving has been calculated, or 
taken note of; but it is evident that as the 
range of pressures is less, so must be the 
range of temperatures, and therefore, also, 
ceteris paribus, the average temperature. 
This saving is in a certain way analogous 
to the advantage gained in steam engines 
by expanding the steam in two separate 
cylinders, and so preserving the average 
temperature of each as nearly constant as 
possible, with this difference, that in the 
present case we wish to keep both cylin- 
ders as near the lower temperature as 
possible. In order to prevent jar, and at 
the same time to enable compressors to be 
run at a much higher speed. mechanically 
controlled valves are used by several in- 
ventors, notably by Professor Riedler, of 
Jerlin, in whose compressors the air 
valves open automatically, but are closed 
by mechanism. Professor Riedler’s large 
compressors at Paris have been made the 
subiect of elaborate experiment, from 
which it appears that with two stage com- 
pressors, an efficiency of 89 per cent. can 
be obtained. In one case of a Riedler 
two-stage compressor, the steam cylinders 
are 23 and 37 inches diameter, and the air 
cylinders 23 and 36 inches diameter. The 
stroke is 48 in., and the capacity. at 75 
revolutions, 4,230 cubic feet per minute. 
The conveyance of the air from the com- 
pressor to the interior of the mine does 
not require any special description. If 
moderately large pipes are used, so that 
the velocity of the air does not exceed 20 
to 30 feet per second, the air may be con- 
veyed to long distances, even several miles. 
with very little loss of pressure. There 
ought also to be no trouble from leakage 
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if the joints have been carefully made in 
the first instance; for the temperature of a 
mine is so uniform that there is no ap- 
preciable expansion and contraction of the 
pipes. Compressed air is par excellence 
the medium for driving reciprocating tools, 
such as rock drills and coal-cutters of the 
percussive type. A high degree of effic- 
iency is not expected in machines of this 
class. ‘hey are made as small and light 
as possible, and work with a low grade of 
expansion. But compressed air has also 
long been used for driving hauling en- 
gines and pumps, especially when these ate 
of an auxiliary character only, and placed 
at long distances from the shafts. Whether 
electricity will eventually supplant com- 
pressed air is a question which it is im- 
possible to answer at present. Attempts 
to improve the efficiency of compressed air 
by using stoves to heat the air have proved 
successful in applications above ground, 
but the additional complication and _ risk 
have hitherto prevented similar appliances 
from finding favor in mines. Expansion 
of the air in two stages is another way in 
which its efficiency can be improved, but 
very few applications of this method have 
yet been tried. 

The electric transmission of power dif- 
fers in one respect from the system 
already described. No serious damage 
is done to a hydraulic or compressed- 
air engine, if through any cause the 
load or work to be done suddenly _be- 
comes greater than the normal amount. 
sut an electric motor, unless proper pro- 
vision has been made, becomes unduly 
heated and is liable to be rendered unser- 
viceable. The obvious way of preventing 
such a mishap is to insert a fuse or mag- 
netic cut-out in the circuit. But when 
such safeguards come too readily into ac- 
tion, great inconvenience may arise from 
frequent interruption of the work. When, 
however, a motor is considerably larger 
than is actually required for the normel 
amount of work, it will not be injured so 
readily by overloading, and it will not be 
necessary that the cut-out appliance 
should come so readily into action.  Ac- 
cordingly, the most up-to-date makers 
recommend an ample margin between the 
power of a motor and its normal work. 
As an example of this we may cite the fol- 
lowing recently-erected plant at Ashing- 
ton, Northumberland. It is entirely’ a 
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pumping installation, and we give, in the 
case of three different sizes of three-throw 
pumps, the effective horse-power of the 
electric motor, and the actual horse-power 
required to lift the water. 


Motor. Pump. 
BOO «scd:0S vars Bit eoeok: 70 
25 ceeeeeeeeeeeee 4 
BGs cc vane ae mate ae 3 


But although it is expedient to allow a 
margin of 50 per cent., or even 100 per 
cent., between the effective horse-power of 
a motor and the work which it is intended 
to do, this does not imply any such dis- 
crepancy between the power expended and 
the power utilized. The efficiency of a 
well-designed continuous-current plant for 
pumping may be judged from the follow- 
ing figures founded on the experience of 
an expert and manufacturer of such mach- 
inery. Starting with a.steam engine of 
100 indicated horse-power, the generator 
will develop 87. The loss in the cable of 
course depends on the distance, but under 
ordinary circumstances we should have 
82% horse power delivered at the motor, 
and the motor ought to yield 7o horse 
power in useful work. ‘Lhus the aggre- 
gate efficiency of the whole installation 
may be taken at 70 per cent., a result 
which compares favorably with either of 
the two systems described above. Elec- 
tricity has not up to the present been so 
successfully employed for driving percus- 
sive tools, and it remains to be seen 
whether it will eventually supplant com- 
pressed air for this class of work. 

The advisability of introducing any 
form of electric transmission into the inner 
workings of collieries which give off ex- 
plosive gas or are largely permeated by 
explosive dust, is a question which has 
engaged the anxious attention of mining 
engineers. It is here that the induction 
motor possesses a distinct advantage in 
consequence of its entirely sparkless char- 
acter. No doubt many continuous-current 
motors are in use which are wholly en- 
closed within an airtight casing. Such 
motors require to be made of about 30 
per cent. larger size than open running 
motors designed for the same work, in 
order to make allowance for the extra 
amount of heating which the absence of 
ventilation entails. As a_ protection 








against injury from dust the closing of the 
motor may be excellent; but we doubt 
whether it can be considered a sufficient 
remedy against the risk of a possible acci- 
dent in the case of a motor running in an 
explosive atmosphere. It is sometimes 
said that an explosive atmosphere ought 
not to exist in any mine, but those who 
make this observation may not be aware 
that there are many mines which are 
liable to sudden outbursts of gas which, 
for a time, render the whole mine explo- 
sive. A derangement of the ventilating 
machinery is another cause which may 
render the best ventilated mine dangerous 
for a time. In addition to the danger 
from sparks at the commutator of a con- 
tinuous-current motor, there are other 
possibilities of danger which apply to both 
the continuous current and to the three- 
phase system of transmission. These 
arise from the burning out of the insula- 
tion, or the rupture of a cable. Heavy 
falls of the roof are matters of the most 
ordinary occurrence in mines, and it is at 
least conceivable that such an accident 
might rupture the cable and produce 
sparking. This risk is perhaps preventible 
by proper precautions, and appears more 
remote than those previously mentioned. 

It has been proposed that for the class 
of mines of which we have been speaking, 
electrically driven air compressors might 
be established in parts of the mine where 
there is hardly any risk of the atmosphere 
ever becoming explosive, in order that 
power might be transmitted safely into 
the more dangerous inner workings. 
Where the distance of transmission is ex- 
ceptionally long, or where electric current 
is already available, this arrangement may 
be quite feasible. But the principal losses 
incurred in the employment of compressed 
air occur at the compressor and at the 
motor, and not in the course of transmis- 
sion along the pipes. It therefore would 
seem an unnecessary complication to con- 
vert the energy of a steam engine first into 
electric energy, then to transform it into 
the energy of compressed air, when the air 
might just as well be compressed by the 
steam engine, and conveyed with hardly 
any more loss from thence to the point at 
which it is required.—The Colliery Guard- 
tan. 
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Efficiency Test of a Nordberg Air Com- 
pressor at the Burra Burra Mine of the 
Tennessee Copper Company.* 


BY J. PARKE CHANNING. 


This compressor, which is of the cross- 
compound two-stage type, is located in a 
Lrick power house, together with a first 
motion hoisting engine and an indepen- 
dent jet-condenser. An adjoining brick 
boiler-house contains two 150 horse-power 
National water tube boilers, which fur- 
nish steam for the above-mentioned en- 
gines as well as a 9 and 18 by 12-inch 
crusher house engine. The compressor 
and the crusher house engine run con- 
densing while the exhaust from the con- 
denser itself as well as part of the inter- 
mittent exhaust from the hoisting engine 
are carried to a large Hoppes open feed- 
water heater. The balance of the exhaust 
steam from the hoisting engine is dis- 
charged into the atmosphere. Steam has 
never been off the jackets of the hoist- 
ing engine cylinders since first turned on. 
These cylinders are jacketed, not from 
motives of economy, but to make the 
hoisting engine quick to respond to the 
throttle. All the auxiliary cylinders of 
the hoisting engine are steam-jacketed. 

The test was made on Sunday. During 
this time, the boilers, which could not be 
separated, furnished steam for the hoist- 
ing engine jackets and the independent 
jet-condenser as well as the compressor. 
The crusher engine was not running nor 
was the hoisting engine. 

The makers’ guarantee was that the 
steam consumption would be 14 lbs. per 
indicated horse-power when running at 
full speed, 92 revols. per min., and that 
the ratio of 1 h. p. between the steam and 
air cylinders would be as 115 to 100, or 
87 per cent. No guarantee as to efficiency 
of the air end as a compressing mechan- 
ism was given. 

In determining the feed-water consump- 
tion the engine was to be charged with 
all water fed to the boilers during the 
test, including that used in the steam- 
jackets. The engine was to be credited 
with all water trapped from the steam 


* Paper presented at the annual meeting 
of the Lake Superior Mining Institute, 1902. 
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separators and indicated by the calori- 
meter test of the steam from the separator 
into the cylinder. The engine was fur- 
ther to be credited with whatever heat 
was contained in the water formed by 
condensation in the steam-jackets and re- 
heaters. 

The test was made under the super- 
vision of Mr. C. H. Glasser, the mechan- 
ical engineer in charge of the construc- 
tion of the Tennessee Copper Company’s 
mine and smelter plant. Feed-water was 
taken by feed-pump from a square wooden 
tank in the boiler-house and water sup- 
plied to the tank from two barrels placed 
on scales set over the tank. No allow- 
ance was made for the small amount of 
steam necessary to operate this pump. 
Condensation from steam-jackets and re- 
heater of the compressor was drawn off 
continuously into two barrels partly filled 
with cold water and set on scales, one 
barrel filling while the other was dis- 
charging. The height of water in the 
piping system was regulated throughout 
the test by a gauge glass inserted in an 
enlarged chamber of 6-inch pipe and ther- 
mometer attached, to record the proper 
temperature of the water. The ther- 
mometer reading was taken always when 
the barrel was nearly full or when the 
circulation had been continuous for the 
longest possible period of time. The con- 
densed water from the hoisting engine 
jackets passed through a steam trap to a 
barrel partly filled with water and set on 
scales. The discharge was intermittent 
with the working of the trap. The steam 
used for running the condenser was ex- 
hausted through coils of pipe laid in a 
shallow wooden tank and constant circu- 
lation of cold water maintained in the 
tank, thus condensing all the exhaust 
steam, which was led into barrels and 
measured. Each barrel being always 
filled to an exact height, the capacity of 
the barrels to that height was found by 
weighing before and after the test. The 
slip of air was calculated from the relation 
of the total length of indicator card to 
the length of card on the atmospheric 
line. 

The theoretical horse-power required to 
ccmpress and deliver the actual delivery 
of air by adiabatic compression was cal- 
culated from the formula on page 5or1 of 
Kent: 


W = 3.463 p, Y, (P= 


0.29 
Pi ) 


| 
—1; 


in which p; is 14 Ibs., pz is 79.3 + 14 = 
93.3 Ibs. and vi equals 1,976.7 cubic feet. 
The theoretical horse-power by isother- 


mal compression was calculated by the 
formula, 


Wp. %, )4 +- Nap. log. Pe t 
{ Pi J 

The results of the test are given in the 
accompanying tables. The governor pul- 
ley was not the right size, and so the 
speed maintained was only 90 instead of 
92 revols. per min. ‘The inter-efficiency 
between the steam and air cylinders—95.1 
per cent.—is high, and this figure was 
borne out in another test of the compres- 
sor. The efficiency of the machine—78.1 
per cent.—is also remarkably good. 

It may be interesting to reduce the fig- 
ures of this compressor as well as two 
other Nordberg machines to the basis of 
pounds of feed water used per 100 cubic 
feet of free air compressed and delivered 
at 8o lbs. gauge pressure. 

Newport Mine, compound, two- 

NO cca Gili ceateaereslen Spell 3.87 lbs. 
Leonard Shaft, triple, three-stage. 3.10 lbs. 
Burra Burra Mine, compound, 

EWOLSEARE otc scienivccienieeaen 3.68 Ibs. 

The above figures are reduced to a basis 
of 80 lbs. gauge pressure, as the Newport 
compressor was tested at 100 lbs. and the 
Leonard at 90 lbs. 

Particular attention is called to the 
efficiency of the cooling arrangements and 
the relatively low temperature of the fin- 
ally discharged air. All the air valves of 
the compressor are positively operated, be- 
ing in construction and connection similar 
to the exhaust valves of an ordinary Cor- 
liss engine, there being no trip or release 
on any of them. The discharge valves of 
the compressing cylinder are provided with 
auxiliary poppet valves, which would open 
in case the receiver pressure was lower 
than that at which the main valve would 
begin to discharge. The governor for this 
compressor is one especially designed by 
Mr. Nordberg for work of this class, and 
consists essentially of a floating lever. The 
three forces which operate upon it are the 
steam pressure, the air pressure and the 
speed of the machine. This governor is 
so designed that it maintains a constant 
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EFFICIENCY TEST OF NORDBERG CROSS COMPOUND TWO STAGE AIR COMPRES- 


SOR. 


Results of 
Mean Effective Pressures. 


Sj . 2 C 
: aa 2 @x <5 
= ¢ “s ®@ nw < ok 
at -) ee oS - a “* 
i ; a + ae a. ae os 
aie SIS mA = mF = 
1 10.45a.m. 90 45.74 13.26 16.26 38.24 
2 11.45a.m. 91 48.90 12.64 16.16 40.70 
3 12.45 p.m. 90 47.17 12.64 16.18 38.18 
4 1.45 p.m. 90 48.0 13.04 16.383 39.94 
5 2.45p.m. 87 48.04 12.86 16.16 39.45 
6 3.45 p.m. 91 48.92 12.97 16.18 39.35 
7 4445 p.m. 91 47.88 13.82 16.34 40.81 
8 5.45 p.m. 88 45.04 13.70 16.15 38.75 
a oak rece Wie ain 6066 a's © Ste. 


air pressure in the receiver, permitting the 
variation of the steam pressure as well as 
the speed of the engine. In other words, 
whether there be ten or twenty drills run- 
ning, the air pressure in the receiver will 
remain practically constant and the speed 
of the engine will vary to suit the demand 
for air. This variation of speed is, of 
course, made by varying the cut-off point 
on the high-pressure steam cylinder. In 
practice this governor has been found to 
be entirely satisfactory, and is a great im- 
provement over the older types which 
were more or less intermittent in their 
action, even if otherwise satisfactory. 


RESULTS OF CALORIMETER TESTS WITH 
PEABODY'’S THROTTLING 
CALORIMETER. 





zn 5 = 

fe = a. 

=i =: = & 

aad = aS - | 

vs as 

dH CS 
4.30 p. m. 294 11 145 
4.35 p. m. 294 11 145 
4.40 p. m. 296 15 145 
4.45 p. m. 296 15 145 
4.50 p. m. 296 14 145 
re en eee 


TEST NO. 3, NORDBERG TWO STAGE AIR 
COMPRESSOR AT BURRA BURRA 
MINE. ALTITUDE 1,800 FEET. 
ee Feb. 16, 1902. 
gE ae ee 8 hours. 
3 Diam. of High Pressure 
Steam Cylinder (Steam 
SS 14 inches. 


BURRA BURRA MINE. 


Indicator Cards. 
Indicated Horse Powers. 


P. Steam. 
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=| = eo 
By Se 
wh Ths 
14 136.52 291.66 
538 147.51 297.04 
89 140.78 288.67 
56 143.26 295.82 
44 133.86 279.30 
43 147.58 301.01 
49 144.44 307.93 
73 127.01 283.74 m 
03 140.12 293.15 143.79 
Diam. of Low Pressure 
Steam Cylinder (Steam 
| errr 
Diam. of Low Pressure 
eo ae 
Diam. of High Pressure 
Bar SO oie sicel 
Stroke of All Pistons... 


Diam. of Piston Rods... 
Revolutions of Engine, 


Average per Minute... 
Piston Speed per Minute. 
Steam Gauge Pressure, 
SNE os wire & nie 0K 
Temp. of Steam in Steam 
Rae; BVOPRES 060550 
Steam Pressure in Re- 


heating Receiver, Aver.. 


Vacuum in Condenser, 
DOD seg hoa on 4 ods 
Air Pressure in_ Inter- 
cooler, Average ....... 
Air Pressure in Receiver, 
NEN, 5 a's a os 4 a 0.08 
Temperature of Air at 
Intake, Average ...... 


Temperature of Air Leav- 


ing Low Pressure Cyl- 
Ger, AVOTORS ..ncceece 


Temperature of Air Leay- 
ing Intercooler, Average 
Temperature of Air Leay- 
ing High Pressure Cyl- 
inder, Average 
Indicated Horse Power in 
Hligh Pressure Steam 
Cylinder, Average aca 
Indicated Horse Power in 


Low Pressure Steam 
Cylinder, Average ..... 


Indicated Horse Power in 
Both Steam Cylinders, 
IN! Ve as eg te Soc 
Indicated Ilorse Power in 
Low Pressure Air Cyl- 
inder, Average 
Indicated Horse Power in 
Iligh Pressure Air Cyl- 
inder, Average 
Indicated Horse Power in 
Both Air Cylinders, Av- 
erage 
Feed Water 
Boilers 


ater Weighed to 
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25.66 
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211.5 
78.5 
240 
140.12 
153.03 
293.15 
143.79 


135.02 


278.81 


43,343 





Both Air 
Cylinders. 


269.94 
281.06 


88.46 


270.60 
278.81 


inches, 
inches. 
inches. 


inches. 
inches. 


Ibs. 
inches. 
Ibs. 
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Fr. 


oy 
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28 Reheater and Jacket Building a Tube. 
Water from Compressor, 
Ci. eee 4,081 IDs. 
29 Average Temperature of ee pm ae : 
Reheater and Jacket Sn a IN THE SUB-AQUEOUS SECTION OF THE 
WOE oc a seen es ves $56.7 oF. BAKER ST. LINE, LONDON. 
30 Total heat in 1 pound of ; 
Steam at 356.7 deg. F. 1,190.7 H.U. 
31 oe oe De so80 HU With the appearance of the tuppenny 
« « we . . - me Ont . . eo ege 
32 Equivalent Credit for Re- ‘ tube most people are familiar, though 
gunatet ond socket Water S107 . Yes. there are some folks who still pride them- 
3 oe 7 cine selves on refusing to travel by the electric 
noe L S S . 
Engine Jackets ....... 1,781 Ibs. railway, whose developments are being so 
34 Steam Used to Run Con- ae Tal closely watched by all sorts and conditions 
A eee 32 s. ° : : opehledha > ; scare hes 
ox suaal Ceallts to Weed of men whose avocations make rapidity of 
tS ae eee ae 7,228 Ibs. transit and an easy method of going to 
on a hl . r ° . c . s 
36 seg Pace Water charged 86115 Ibe and from their places of business an im- 
© MMMBIME ..cccccscccvce od, ” Ss. a ae ae, sks 
37 Moisture in Steam Shown perative necessity. Ln ee 
by Peabody Calorimeter. 1.30 lhe tube, however, in its incomplete 
38 Credit for Moisture in i. a stage is a subject with which few people 
OE ETT i3 , sh ; Rates , : uae ins 
39 Total Steam Charged to can in the nature of things have a per- 
OE ae prs 35,642 Ibs. sonal acquaintance, for the work has to 
- p; By- — 4.455 Ibs be done unhampered by the presence of 
41 Steam Consumption per curious sightseers. Still, as a_ special 
Indicated Horse Power ene favor a_ representative of the Morning 
12 , fe ag Boner Leader was recently allowed through that 
te ' < a . < oa . r 
sumption per Indicated section of the W aterloo and Baker St. 
Horse Power per Hour, gaits railway which is building. 
at 92 rev. per min..... : Ss. ies oe hi: Rg AS 
- wn “oe neem aad Access to the tube is gained from the 
sumption per Indicated landing stage in the middle of the river 
ption | f 
Horse Power per hour ren by Hungerford bridge, under the shadow 
over Guaré CO wcccecee An 8. ¢ ’ : xc There a @ > 
14 Theoretical Delivery of of Charing cross. There one enters an 
Free Air per Minute at iron cage to be hoisted many feet and 
« Pay { . ”» O87.8 > 7 : ° ° 
- slip -" eS es ass? 2,080.8 cult swung round the are of a circle, over the 
45 § of Air srcentage) . 3.0 | ‘ees ee ; Pics re 
46 Actual Slip of Air per . circular opening down which one is 
Se eee 61.1 cu.ft. lowered, to the accompaniment of the 
7 oe we aon rattle of the engine, the sixty or seventy 
ly Be eRe ” ecwce 1,976.7 cucft. feet which intervent between the outer air 
18 Theoretical Horse Power and the road-bed through which, in the 
a8 gw lg cs course of perhaps a couple of years, there 
livery of Air at Re- will roll an unceasing line of traffic. 
celver Pressure by Adia- —_ lhe work is at present being conducted 
matic Compression .... 306.538 a : ee eres er : ¢ 
15 Suiaeetaenl taka Dane undet _ two different systems. One of 
Required to Compress these is under ordinary conditions of at- 
as py —— . ye- mospheric pressure, while the other is “in 
ivery of Air at Receiver ae ame ars : . sie 
Pressure, by Isothermal the air,” to use the term the men them 
Compression ........- 229.0 selves apply to it. This is under an ad- 
50 at ag By or J by a ditional pressure of ten pounds to the 
Air dicator Cards... 278. ; aay ae : 
51 Actual H. P. Shown by square inch, and it is obtained by pump- 
Steam Indicator Cards. 293.15 ing compressed air into the works. It 
a) ) » ¢ > ‘ . > ° . ° 
ies gigs - _— 14.34 need hardly be said that in order to obtain 
33. Efficiency Ratio Between 5 this additional pressure the air has to be 
‘ Steam and Air Cylinders 95.1 confined within a certain area. This is 
os ee ee ee done by the construction of a lock which 
Guaranteed by Builder. 87 % acts in exactly the same way as the fam- 
55 © Efficiency of Machine, or iliar locks on the river. A lock is in a 
Ratio of Steam I. H. P. brick wall some eight feet thick, with a 
P. enernteeton > Stand door at each end. That at the farther end 


AOER cis scones co Mok ah ate 078.1 % opens out of the lock into the tunnel, while 
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the inner door opens the other way. They 
are so arranged, however, that both cannot 
be opened at once. If workmen have to 
go “into the air” the lock is filled with air, 
and when the required pressure is ob- 
tained the far door opens and allows them 
to enter the works; while, when they de- 
sire to leave, the process is reversed, the 
pressure is removed, and the inner door 
opens. 

No visitor is allowed in any part of the 
works being conducted under this addi- 
tional atmospheric pressure without hav- 
ing previously undergone a_ thorough 
medical examination, and the same precau- 
tions are taken with the workmen. On 
first going “into the air” one can hear the 
air rushing into one’s ears, and some peo- 
ple feel the pressure against the ear-drum, 
but there is no oppression on the chest, 
and no difficulty in breathing. Ocecasion- 
ally, however, the pressure on the ear be- 
comes quite a pain, and men have been 
known to cry aloud from it, while another 
effect is to take away their appetite. The 
men who work under this increased at- 
mospheric pressure have only an eight 
hours day, while the other laborers work 
twelve hours. 


The compressed air is brought down in 
a pipe running along one of the walls of 
the tube, and by its side is a smaller pipe 
for conveying water which is needed for 
mixing the cement with which the iron 
skin of the tube is filled to a depth of six 
or seven inches. A section of the tube 
would show in addition to the two pipes 
at the side two wires which run over head 
suspended by means of transverse wires. 
One of these carries the current for the 
lamps with which the tunnel is lighted 
throughout its whole length at equal dis- 
tances of about seventy feet, while the 
other carries the current for propelling 
the little electric engines which draw a 
train of metal boxes. Into these the 
earth is loaded as it is dug out, that it 
may be taken down to the river, where it 
is hoisted out, loaded into barges and 
taken out to sea and thrown away. On 
the return journey the same boxes convey 
sacks of cement and other building ma- 
terials to the places where the men are 
working. 

The rails on which the engines run are 
close together, perhaps between twelve and 
eighteen inches apart. By the side of 
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them is a narrow footpath formed, for the 
most part, of three ordinary boards laid 
side by side so that though two men could 
hardly walk abreast they may easily pass 
one another. Lighted though it is by elec- 
tricity, the tube can scarcely be said to be 
brilliantly illuminated, and as the little en- 
gines run rapidly and smoothly along, the 
play of blue fire from the wire above and 
the rails below gives a distinctly uncanny 
suggestion to the twilight gloom which 
fills the tunnel, for it is not a bit like 
lightning flashing through the storm- 
driven, clouded sky, but suggests rather 
the “ineffectual fires” of some unknown 
inferno. As one pauses in the tube one 
begins to appreciate the meaning of the 
word silence, the dread soundlessness 
that might exist in a city of the dead, in- 
tensified by the feeling of having been 
cut off, as it were, from all the rest of the 
world. Yet, ever and anon, at certain 
places on the way the distant sounds of 
traffic come mumbling and rumbling down 
as if to assure the passer-by in these un- 
frequented regions that life still takes its 
hurrying way along the street some sixty 
feet above his head. 

Occasionally, as one tramps along the 
narrow pathway, one comes upon a hole 
left in the side of the tube to enable the 
platelayers to go from one tunnel to the 
other, for in the tunnel now building, as 
is the case in the familiar tuppenny tube, 
the down trains will run in a different 
compartment from the up trains, so that 
the possibility of a collision is removed. 
These tunnels are, in some cases, extra- 
ordinarily close together, being  sepa- 
rated, at a junction, by perhaps not more 
than an inch and a half of material, 
though they diverge until they may be as 
much as five feet apart. At intervals 
along them, too, one comes upon ledges 
on which the engineers may place their 
instruments while they are making ob- 
servations, while here and there from the 
iron roof depend little stalactites formed 
by water percolating, from the clay 
through which the tubes are run, through 
the partition between two of the iron seg- 
ments of the tube, after having dissolved 
the layer of cement which is pumped in 
between the earth and the metal skin 
of the tube. Here and there, too, one 
notices sleepers, which have been re- 
moved from the track because the damp 
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has rotted them. These damp places, 
however, are only noticed by their con- 
trast with the general dryness of the tube, 
and it will be quite easy to completely 
eradicate them when the time comes, even 
though it were possible for the moisture to 
make its presence felt through the layer of 
encaustic tiles with which the tube will be 
lined from end to end. At present, how- 
ever, that work has not been begun, 
though it has been thought of, for at one 
spot between Picadilly-circus and Oxford 
St. several different sorts of tiles have 
been put in order to try their effect. 

At Oxford-circus the same sort of cage 
is to be found as at the river stage with a 
cable chain and a donkey engine to run 
it. The engine, however, is not kept 
working all night and day, though labor- 
ers are engaged in the tube every hour of 
the twenty-four. That they may leave at 
Oxford St. instead of having to go back 
all the way to Charing cross when their 
work is finished, ladders lead from the 
tube to the level of Oxford St. To pre- 
vent the possibility of any accident there is 
not one long ladder, but four short ones 
set against platforms which form conven- 
ient resting-places, so that even the least 
skilled climber may go from tier to tier 
without fear and with perfect safety— 
Morning Leader, London. 





Rock Boring Machinery. 


Exactly 50 years ago Piatti proposed 
the use of compressed air in the construc- 
tion of the Mont Cenis tunnel, and it is 
interesting to consider the far-reaching 
effects on the mining industry of this sug- 
gestion, which at the time was received 
with indifference. Undoubtedly the most 
important result has been the introduction 
of boring or drilling machines as substi- 
tutes for the older method of hand boring. 
for although the merit of devising and 
using the first machine for drilling rocks 
belongs to Richard Trevithick, his inven- 
tion was forgotten until the Mont Cenis 
experiments showed that compressed air 
was more suitable than steam as motive 
power for such machines. Since then in- 
ventions have followed one another with 
rapidity, and there has been an astonish- 
ing development of this class of machan- 
ism. Bartlett’s rock drill was tried ‘at 


Mont Cenis in 1854, and in the same year 
Schumann invented his percussion power 
drill. Sommeiller’s drill was invented in 
1857. In 1861 Lisbet applied his boring 
machine in soft rock. The Sachs drill was 
invented in 1863; the Burleigh drill in 
1866; the Doering drill in 1867; the Du- 
bois and Francois drill in the same year; 
the diamond drill in 1870; the Ferroux 
drill in 1873; and the Darlington drill in 
1873. Since that time to the present in- 
ventors throughout the world have applied 
themselves to the production of modifica- 
tions which should accomplish more easily 
the intended object. In the earlier forms 
the machines were exceedingly heavy, 
especially in the supporting arrangements, 
which were planned for keeping two or 
more machines at work simultaneously. 
The adoption of smaller and lighter forms, 
of which the Little Vixen, the Little 
Hercules, the Ingersoll-Sergeant, Schram, 
Champion, Holman, and Larmuth drills 
are typical modern examples, has done 
much towards popularizing their use in 
mines. The advantage of a machine 
driven by compressed air for ventilating 
workings is so obvious that the use 
of hydraulic power, which has been suc- 
cessfully applied in the Brandt rotary 
drill, has met with but little favor in 
mines. On the other hand, electricity 
is now beginning seriously to compete 
with compressed air for transmitting 
power to drills, and after the 50 years’ 
sway of compressed air it is a matter of no 
little difficulty for a mining engineer in 
the year 1903 to say which of the numer- 
ous admirable rock drills on the market it 
would be best to adopt in a mine entrusted 
to his charge. The Brandt drill, with 
which remarkably fast work can be done, 
is very costly to install. Its consumption 
of power in enormous, and the necessary 
repairs expensive. This machine is conse- 
quently only suitable for use in tunnels of 
the highest class. Electric drills have met 
with great favor in the Cleveland iron ore 
mines, and the electric drill described by 
Mr. Edward Dane (Mining Journal, 1902, 
p. 187) and that used for stopping at the 
Battery Reef Mine of the Lancaster Gold 
Mining Company described last year 
(Mining Journal, 1902, p. 516) appear to 
present distinct advantages. Indeed, in 
view of the advantages of electricity over 
compressed air as a medium for transmit- 
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ting power, there are many who believe 
that the days of the compressed air drill 
are numbered. Apart from the loss of 
power, the long rubber hose is an un- 
doubted inconvenience. No such draw- 
backs are presented by electric transmis- 
sion. All local difficulties can be over- 
come and the cable occupies hardly any 
space and can be laid with ease and rapid- 
ity. On the other hand the percussive 
electric drill necessitates frequent and 
costly repairs, and the mechanism is of a 
complicated character. In an account of 
his experience with electric drilling at the 
Raibl mines, the eminent Austrian min- 
ing engineer Von Posch notes that the 
drill used consisted of 330 distinct parts, 
as compared with 40 or 50 in a compressed 
air drill, and that during the period from 
March to November, about three-quarters 
of a year, there were 186 breakages, or 
about one a day, whilst Mr. T. Giller 
records that four compressed air drills 
working simultaneously at the end of a 
crosscut were used for many weeks with- 
out the expenditure of a penny for re- 
pairs. The solenoid drill, although re- 
quiring much more power, is far more 
portable and lighter than the electric per- 
cussive drill. A solenoid, it will be re- 
membered, consists of insulated copper 
wire coiled in the form of a spiral, with an 
iron core movable, not fixed as in an ordi- 
nary electro-magnet. When a current 
passes it has the same power of attraction 
as a magnet, and the iron core is drawn 
up. In a solenoid drill two solenoids are 
placed against each other, and the electric 
current imparts a reciprocating motion to 
a magnet to which the drill piston is fixed. 
This machine necessitates a special prim- 
ary motor. The most serious drawback pre- 
sented by the solenoid machine is the ob- 
jectionable heating. This not only means 
loss of efficiency, but the heating is often 
so intense as to make the drill unpleasant 
in a narrow level or to cause risk of acci- 
dents from burns. Large quantities of air 
are necessary for ventilation and the loss 
by friction is high as the lubricants are 
volatilised. In short, practical experience 
tends to show that electricity has as yet 
hardly fulfilled the expectations as regards 
the transmission of power to rock drills. 
The chief reproach to which the com- 
pressed air drill is liable is its high con- 
sumption of power. Published figures 
show that the indirect-acting percussive 
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electric drill requires 1% to 2 horse power, 
the solenoid drill 4 to 5, and the com- 
pressed air drill 5 to 11 horse power, ac- 
cording to the size of the compressor. 
Apart from this drawback, which after all 
is not so serious to the miner, to whom 
speed of driving is frequently the first 
consideration, as might at first appear, all 
the advantages are on the side of com- 
pressed air. The question which type of 
rock drill (electric, hydraulic or pneu- 
matic) is best to use is nothing more than 
a question of power transmission, which 
depends upon the natural resources and 
local conditions and upon the physical 
properties of the medium of power trans- 
mission. Probably the best solution of 
the whole question is to be found in a 
combination of electric power transmis- 
sion with the compressed air percussive 
drill. This combined system, as was evi- 
dent from the display at the recent Diissel- 
dorf Exhibition, is meeting with great 
favor in Germany. The system consists 
in conveying by cables to the vicinity of the 
working place electric energy generated at 
a convenient spot. The electrically-driven 
high speed compressor is placed at the 
mouth of the tunnel, or is made movable 
and brought within 100 yards of the mine 
working. An installation of this kind was 
put in operation in the spring of 1902 at 
the Friedrich Wilhelm mine in Upper 
Silesia. In the first month, with two light 
drills (2™% inches in diameter), 1620 feet 
were bored in 57 minutes (including 
time of seting up), or in other words 1 
yard in 101% minutes. The ground eon- 
sisted of sandstone and shale with iron- 
stone nodules. The electro-motor was of 
13 horse power, and the two drills, at six 
atmospheres pressure, required only 5 
horse power, or at five atmospheres only 
4% horse power. A Meyer high speed 
compressor was used, so arranged that a 
25 horse power air compressor with motor 
and accessories could be placed within the 
cross section of a mine wagon. The length 
of the whole was only 714 feet, the height 
314 feet and the width 37% inches. A 
whole series of such high speed portable 
compressors was shown at the Diisseldorf 
Exhibition, and the conclusion impressed 
on the observer was that in a rational 
combination of electricity and compressed 
air the future of rock boring installations 
is to be sought—Mining Journal, London. 








Motor Compressor. 


The accompanying illustration repre- 
sents a type of motor compressor used by 
the American Compressed Air Cleaning 
Co., in connection with their work, built 
in sizes from 50 cubic feet of free air 
per minute and upwards. In the design 
of this compfessor is embodied the de- 
sirability of having all the working parts 


enclosed so ‘as to exclude dirt and 
grit. The chamber so formed contains 
oil with which all the working parts 
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lubrication of the piston rod, as well as 
its superior mechanical construction. The 
piston is provided with an improved form 
of packing rings, which are carefully fitted 
in place, both in the piston and against 
the surface of the cylinder so as to form 
a nearly perfect sliding joint. The cylin- 
der is of extra quality close grained cast 
iron, accurately and smoothly bored, free 
from blow holes and defects, and is to- 
gether with the valve heads, thoroughly 
water jacketed. 

The extended end of the crank shaft is 
provided. with a gear which meshes with 

















are automatically and continuously lub- 
ricated, including the cylinder, which is 
connected with the oil chamber in such 
a manner that the proper quantity of oil 
for lubricating the surface between the 
cylinder and piston is automatically sup- 
plied, so that no sight feed lubricator is 
required. ‘The machine will remain lub- 
ricated as long as the main supply of oil 
in the well is maintained up to a level 
determined by a filling plug on the side of 
the crank chamber. The piston rod passes 
through a specially constructed metallic 
packing box, which is self-adjusting and 
will last for many years without attention 
or renewal, on account of the perfect 


a pinion arranged on the armature shaft 
immediately above. The gear chamber 
and the crank chamber are connected in 
such a way that the gear as well as the 
pinion are operated in a bath of oil, 
which oil is also supplied automatically 
to the bearings at the pinion end of the 
motor. The gear and pinion are of the 
helical herring-bone type, with teeth cut 
by special machinery in the most perfect 
manner, thereby reducing the noise of 
operation to such an extent that it can 
hardly be noticed alongside of the ordin- 
ary operation of the compressor valves. 
The motor is of the series wound type 
with formed coils of the most improved 
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pattern, the insulation and other material 
being of the very highest grade of their 
respective kind. The material and labor 
of this motor are of such excellent qual- 
ity that we are able to start the compres- 
sor without using resistance in the motor 
circuit, by simply closing the motor cir- 
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cuit in the same manner as with a knife 
switch. 





House Cleaning with Air. 





In Fig. 1 we see dust laden hangings, 
shaking off their accumulations at every 
breeze or touch, and polluting the air 
about them. Heretofore, it has been 
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them down when 
cleaned, and this with the rehanging and 
redraping often cost more than the clean- 
ing, besides incurring more or less worry 


necessary to take 


and bother. With compressed air they 
may be cleaned where they hang, without 
material disarrangement of their folds, 








I. 


with absolutely no wear to the fabric and 
with little expense—therefore cleaned 
often. 

Chalk is a difficult thing to remove 
from billiard cloths; and, besides, it is 
wearing to the fabric. Fig. 2 illustrates 
a stiff brush in the hands of a strong boy, 
and the cleaning is accomplished within a 
few minutes. 

The Portable Compressed Air Cleaning 
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Apparatus used in this work by the 
American Compressed Air Cleaning Co., 
consists of a strong well built wagon upon 
which is mounted a gasoline engine, air 
compressor, air reservoirs, cooling tank, 
hose, nozzles, cleaning machines, etc. 

Two styles of wagons are built: i. e., 
self-propelling and draught, both being 
equally efficient except that a team is re- 
quired to move the latter from house to 
house. 





barrel receiving tank into which the oil is 
run in the first place. In connection 
with the system there is an air re- 
ceiver, located beneath the engine room 
into which air to operate the system is 
compressed, as for example, up to 60 
lbs. From the receiver to the  orig- 
inal tank there is a pipe line which admits 
air pressure to force the oil up into the 
tank above the engine room floor. On 
top of the original receiving tank a filter 





FIG. 2—COMPRESSED AIR BILLIARD CLOTH CLEANER IN OPERATION. 


These wagons are admirably adapted 
for cleaning residences and other build- 
ings too small to require a stationary 
plant. 

One wagon manned by two competent 
workmen and an apprentice will clean a 
ten room residence in a day. 





Pneumatic Lubricator. 


The accompanying illustration shows 
the plant as it appears above the floor 
line. Beneath the floor there is a ten- 





is connected up to said tank with a check 
valve between. The return oil from the 
sole plates of the engine is conveyed to 
the filter through piping and percolates 
through the same by gravity into the 
original receiving tank. The filter is pro- 
tected from any pressure by the check 
valve before mentioned. An _ equalizing 
valve between the receiving and distrbut- 
ing tank as illustrated shows that any de- 
sired pressure can be kept thereon be- 
neath the distributing tank. There are 
two filters, one can be cleaned while the 
other is in operation, and two Westing- 
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house or similar air compressors, one or 
both can be used according to require- 
ments for such purposes as cleaning of 
switch board dynamo, or as is often done 


whitewashing the basement, pipes for 
which are taken from the receiver to any 
desired point of the plant. It is a well 
known fact that in many places an ele- 
vated tank is used for a gravity system. 





The oil must be pumped up from below 
to those tanks and the gravity system is 
intermittent regardless of the head. With 
the present system, no matter how slight, 


the feed is constant, a system, such as 
this, will take care of every bearing on 
any job regardless of how extensive the 
case may be. The saving of the oil is 
not taken into consideration, that is 
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thrown in as a bonus. Mr. Young, who 
installed the B. & O. tunnel electrical 
generating plant, writes that he is saving 
$300.00 a month on labor alone. 

This pneumatic lubricating system is the 
invention of Mr. J. F. Pilling, general 
manager for the Port Huron Air Tool 
Co., Ltd. 





Dake Pneumatic Chain Hoists and Air 
Motors. 


Descriptive Circular No. 6, received 
from the Dake Engine Co. of Grand 


ME 





hand chain block, to which is attached the 
Dake reversing air motor. The hoist is 
simple in construction, durable and effi- 
cient. It is operated by pendent hand chains 
as shown in illustration, and will sustain 
the load at any point. This class of pneu- 
matic motor hoist is meeting with a very 
favorable reception from manufacturers of 
heavy machinery, and is especially adapted 
for serving heavy machine tools and in 
places where it is necessary to sustain the 
work in one position for machine opera- 
tions. 

The air motor used with this hoist (Fig. 


Frc, I. 


Haven, Michigan, illustrates their Pneu- 
matic Chain Hoists and Air Motors. 

We show in Fig 1 the pneumatic chain 
hoists manufactured by this company. This 
hoist is made along the line of the standard 


2) is of the double reciprocating square 
piston type, and is favorably known to 
the trade as a desirable motor for direct- 
connected work where small, compact and 
high speed motors are desired. 
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We also give in Fig. 3 the working 
parts of the motor. They consist of only 
two movable pieces, one sliding inside the 
other and guided in their movements by 
the crank on the end of the driven shaft. 





FIG. 4. 


The inner piston has cored through its 
body four ports, leading to the four sides 
or ends of pistons, and which communi- 
cate with the two ports cut in cover or 
cylinder head of engine. In the reversing 
engine the air passes through the center 
and exhausts through the circular aper- 
ture; or when throttle is reversed, air is 
taken through the circular ring and ex- 
hausted through the center port. The en- 
gine can be reversed instanly by the valve 
lever shown on the reversing air motor. 

The engine operates either with com- 
pressed air or steam, and is used for 
changing hand to power cranes, for direct 
connection to fans, blowers, centrifugal 
pumps, and for general hoisting engine 
purposes. 
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Low Pressure Pneumatic Signaling at 
Salisbury. 





The above plant, on the London & South 
Western, which is the first large low- 
pressure installation in England, was put 
into service on Sunday, November 2. At 
each end of the station there is situated a 
cabin known respectively as the east and 
west boxes. These two cabins and a 
ground frame do all the work which for- 
merly was done by four mechanical ma- 
chines, thus saving the service of six sig- 
nalmen. The ground frame is only used 
during the time that shunting is going on 
at that point, and has been rendered neces- 
sary, not on account of the distance from 
the east cabin, as these switches could 
easily be operated from there, but to meet 
the requirements of the Board of Trade, 
which demands that a man must be on the 
ground to attend switching operations car- 
ried out at such a distance, i. e., about 
1,200 ft. from the cabin. The interlocking 
between the east box and the ground 
frame is carried out as follows: When 
shunting is to be done a man is sent to 
the ground frame, all the levers of which 
he finds locked in the normal position. 
He asks cabin No. 2 for an “unlock,” 
which is given by pulling over the lock 
lever provided for the purpose and which, 
on being reversed, frees the king lever in 
the ground frame and locks up all conflict- 
ing signals and points in the east cabin. 
On obtaining this release the signalman 
at the ground frame is able to operate any 
of his points or signals, and when the 
shunting is finished and his king lever has 
been replaced by him to its normal posi- 
tion, then, and not till then, can the signal- 
man in the east box replace his lock lever, 
get his indication and free his signals and 
switches controlled by it. 

The west cabin contains a 64 lever 
frame of the usual type made by the Brit- 
ish Pneumatic Railway Signal Co. Twen- 
ty-two of these levers work 30 signals, 19 
are for switches and five for bolt locks be- 
tween the Great Western and west box; in 
addition to these there are two special lock 
levers controlling signals operated from 
the east cabin similar to those for the east 
box and ground frame; and 16 spare 
spaces. The east cabin also contains a 
64 lever frame, 27 of which work 32 sig- 
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nals, 17 are for switches, three special 
lock levers and 17 spare spaces. 

The compressed air for working the 
whole of the switches and signals is ob- 
tained from one power house situated near 
the east cabin. There are provided here 
two compressors, each more than sufficient 
to do the work of the whole station; and 
one is kept as a stand-by while the other 
is working. A further precaution is taken 
by having two separate powers to drive the 
compressors, one compressor being driven 
by an electric motor run from the mains of 
the Electric Company at Salisbury, : the 
other by steam from a boiler in the boiler- 
house adjoining. The air is compressed 
to 30 lbs. per sq. in. and conducted through 
a galvanized pipe to a receiver of 250 c. f. 
capacity. From thence, having been re- 
duced in pressure to 20 lbs., to two more 
receivers of the same capacity situated one 
at each cabin, and from these latter re- 
ceivers, to the cabins, switches and sig- 
nals, by means of galvanized pipes. The 
main pipe is 2 in. in diam. and the various 
branches run from 1 in. down to % in. 
diam. 

A novelty, so far as English practice is 
concerned, is that all the levers operating 
the running signals are replaced in the 
normal position electro-pneumatically by 
a valve actuated by the relay of the track 
circuit, with which all the running lines of 
the station are provided. 

In several cases in this station one lever 
will operate one of two signals, which one 
depending on the position of the switch 
leading to the track for which these sig- 
nals give permission to run on. The 
method of doing this is as follows: The 
indicator selector valve which is placed at 
the switches and worked by the motion 
plate is similar to the ordinary switch in- 
dicator valve with the exception that it is 
provided with extra ports. In one posi- 
tion of the motion plate the low pressure 
operating pipe A is connected, by means 
of these extra ports, with the low pres- 
sure pipe operating the diaphragm for 
signal No. 1; but when the points are 
moved over, the pipe A will be connected 
to the low pressure pipe operating dia- 
phragm for signal No. 2.—Railroad Ga- 
cette. 


Air Enmeshed in Falling Water. 


Water, when falling freely through air 
or other gas, enmeshes and carries in sus- 
pension, practically, its own volume of 
such gas, the volume of air so carried de- 
pending somewhat upon the viscidity of 
the water. 

That the foregoing statement is approx 
imately true with air at atmospheric pres- 
sure is demonstrated every time a pitcher 
of ordinary shape is filled at a strong- 
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AIR ENMESHED IN FALLING WATER. 


flowing hydrant. When the rising water- 
level approaches the relatively narrow 
throat, foam overflows at the brim of the 
pitcher and the water level remains sta- 
tionary. This status continues, until the 
flow of water is checked to such an ex- 
tent that the reduced volume of air enter- 
ing in the decreased flow of water can 
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find room enough to escape again without 
commotion, when the pitcher can be filled 
to the brim. 

The accompanying sketch shows a small 
experimental aspirator fastened to the wall 
ot a building. It is provided with an air 
meter, consisting of a piece of pipe be- 
tween stop-cocks having an internal ca- 
pacity of a convenient fraction of a cubic 
foot. A marked barrel is placed on the 
ground, where it can, when required, re- 
ceive and measure the descending water, 
while a mercury column, placed where 
shown, indicates the density of the air 
inside. 

With an internal density of about one- 
half the atmospheric, I found that, for 
every cubic foot of free air entering, two 
cubic feet of water were measured into 
the barrel. 

It was by no means easy to so manipu- 
late the air admission stop-cock as to pre- 
vent the mercury column from fluctuating, 
but repeated trials showed the foregoing 
statement to be approximately correct. 

Similarly, with a density of about one- 
quarter the atmospheric, four cubic feet 
of water descended; with one-eighth the 
atmospheric density, eight cubic feet of 
water descended, and so on. 

With the air entirely shut off, the mer- 
cury column crawled up to 28.25 inches, 
which, as the temperature of the water 
was 80° Fahr. and the local barometer 
indicated 29.30 inches, was practically the 
water vacuum. 

ARTHUR PENNELL, 
in Power. 





The Koerting Gas Engine. 


The discovery of the fact that gases of 
low heating capacity, such as the waste 
gases from blast furnaces, could be used 
effectively, gave a great impetus to the 
construction of such engines, especially of 
large capacity. One type of engine which 
is now extensively used in the Koerting, 
which is manufactured in this country by 
the De La Vergne Refrigerating Machine 
Company, of New York. The makers 
claim substantial advantages for the two- 
cycle type, of which the Koerting engine 
is a representative, in comparative sim- 
plicity of construction, 
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This engine is the result of five years 
of tests and experiments on the part of 
Mr. Ernst Koerting, a well-known expert 
on all subjects relating to the gas engine. 
After a number of models had been con- 
structed a 400-horse-power gas engine was 
built in the Koerting shops, and when it 
was found that this complied with all the 
requirements, the new engines were im- 
mediately placed upon the market, and 
proved very successful. The makers have 
already sold in the United States engines 
of this type, representing 41,800 horse- 
power. 

The engine is of the two-cycle type, and 
is double-acting, like a steam engine, 
hence the crank end and head end of the 
lower cylinder are similar, the admission 
valves being located in the valve boxes, 
which are bolted to the cylinder heads, 
There are no exhaust valves required, the 
products of combustion escaping through 
slots in the middle of the cylinder from 
which the exhaust pipe leads. These 
slots are covered by the long motor pis- 
ton. 

The combustion mixture is admitted 
through two double-acting pumps, the one 
for gas, the other for air. The crank ends 
of the air pump and gas pump discharge 
into the crank end of the power cylinder, 
and the head ends of the pumps discharge 
into the head end of the power cylinder. 
The gas and air are compressed to about 
g pounds per square inch by the pumps. 

The combustible mixture of gas and air 
is produced only at the inlet of the cylin- 
der. There is no storing of it. The 
mingling of the air first introduced with 
the burnt residue gases, or with the suc- 
ceeding charge of combustible mixture, is 
avoided by the construction of the ad- 
mission device. For the same _ reason 
there is no loss of mixture through the 
exhaust ports. 

The pump is provided with piston 
valves, with the valve gear so arranged 
that its maximum capacity cannot exceed 
50 or 60 per cent. of its total displace- 
ment. For after the pump has com- 
pleted the suction stroke, the gas suction 
port is left open during a portion of the 
succeeding (compression) stroke, so that 
the gas can return without increase in 
pressure until the suction port is closed, 
when the gas is compressed and passed 
out through the compression port. The 
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amount of gas thus furnished corresponds 
to the maximum power of the engine. 

The engine is started with compressed 
air. Engines to which blowing cylinders 
are attached are easily started with air 
under 150 pounds pressure. For those 
without such cylinders 90 to 120 pounds 
pressure is sufficient. These engines are 
built in sizes ranging from 400 to 2,000 
horse-power.—Engineering and Mining 
Journal. 





Compressed Air or Steam Hammer. 


The American Engineering Works of 
Chicago, are building post hammers which 


are particularly well adapted for rail- 
road, mining, blacksmith and_ general 
machine shops. They are designed to 


be driven either by steam or by air. 
A special valve movement and _ treadle 
for handling these hammers has_ been 
patented. It is so arranged that a slight 
movement of the treadle causes the ram 
to rise to top of its stroke and remain 
there for any length of time desired, thus 
enabling the operator to adjust work or 
tools on the lower die. If the treadle is 
then pressed down to the limit the ram 
will give a hard, full blow, the same as a 
drop hammer; or the treadle can _ be 
pressed down part way, when the hammer 
will give repeated hard or light blows, as 
may be required. This special valve gear 
permits one man to easily handle the ham- 
mer for drawing or regular forge work, 
or for die work. The change from one 
kind of blow to the other is made instantly 
and smoothly. 

The cylinder and frame are cast in one 
piece from best quality, close grained gray 
iron. The exhaust ports are so arranged 
as to keep the cylinders always drained. 
‘Lhe piston is forged solid with the piston 
rod from the best quality of O. H. steel. 

The ram is a steel forging square in 
form where it passes through the lower 
part of the frame which acts as a guide. 
The lower end of the ram is aranged to 
receive the upper die in such a position 
that it stands at an angle of 45 degrees to 
the post supporting the hammer, thus en- 
abling long pieces to be worked either way 
of the die without coming in contact with 
the post. 

The upper and lower dies are steel forg- 
ings fastened by means of dovetail and 
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wedges so that they can be easily re- 
moved. 

The anvil is designed to be secured to a 
wooden block set on end, the anvil being 
bolted to the block with lag screws. 

The weight of the falling parts (the 
piston, piston rod, ram and die) desig- 
nates the size of the hammer. 





The hammer is usually arranged for 
bolting to a wooden post. Special attach- 
ments will be furnished when so ordered 
for bolting to a wrought steel column, or 
where preferred a steel column made of 
extra heavy wrought pipe will be furn 
ished, together with the necessary clamps 
for properly clamping frame of the ham- 


mer, 

















Compressors at the Canadian Niagara Falls 
Power Co. 


The entire work of the excavating plant 
at the above company’s works is being ac- 
complished by rock drills run by com- 
pressed air, which power is supplied by 
two large steam driven compressors, built 
and installed by the Canadian Rand Drill 
Co. We show herewith a picture of one 


These machines are 
of the duplex steam, cross compound air 
type, and indicate 300 h. p. each. Enter- 
ing a conduit leading from the open air to 
the compressor, the air is admitted at at- 
mospheric pressure to the low pressure air 
cylinder through Corliss valves, actuated 


of the compressors. 
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from the main shaft by eccentrics. Here 
it is compressed to 30 lbs. per square inch, 
the temperature of the air being kept as 
low as possible by means of the circulat- 
ing water with which the water jacket sur- 
rounding the cylinder is kept filled. The 


air is then discharged into the intercooler, 
which is of the Rand water tube type, so 
well and favorably known to the Can- 
adian engineering world on account of the 





excellent results that have been obtained 
from machines installed by this firm 
in British Columbia, Cape Breton and 
other parts of Canada. This intercooler 
practically consists of a large cylinder. 
made of steel plate, and filled with pipes in 
which cold water in circulated. An ar- 
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rangement of internal plates forces the air 
to pass transversely across the pipes, thus 
removing a large proportion of the heat 
of compression. After passing through 
the intercooler, the air enters the high 
pressure cylinder, and is there com- 
pressed to 100 lbs. per square inch. ‘The 
compressors discharge the air into the air 
receiver, which takes up the air pulsations, 
thereby equalizing the pressure. From 
the air receiver the air passes into the 
pipe line, from which it is taken off by the 
different machines. The general dimen- 
sions of the compressors are: Steam cylin- 
ders, 18 inches in diameter; high pressure 
air cylinder, 18 inches in diameter; low 
pressure air cylinder, 28 inches in dia- 
meter; stroke, 24 inches. The compres- 
sors run at a speed of 100 revolutions per 
minute, and each machine has a capacity 
of 1,700 cubic feet of free air per minute. 





Mail Tubes for Chicago. 


Contracts for about nine miles of pneu- 
matic tube service in Chicago, taking in a 
number of the depots and postal stations, 
were let Jan. 24, by the postoffice author- 
ities at Washington, to the Chicago Pneu- 
matic Tube Co. An annual rental of 
$13,750 per mile is paid by the govern- 
ment. At least three miles of the pneu- 
matic tubes must be in operation within 
a year, and the entire system contracted 
for must be completed within three years. 
The tubes will center in the new postoffice 
building, and if the three miles to be com- 
pleted within a year are to be used in the 
service the temporary postoffice will either 
be abandoned within that time for the new 
site, or connections will be made with the 
structure on the lake front. Three 
separate tube lines are provided for in the 
contract. The longest one is to cover the 
principal South Side stations. It will 
start from Adams and Dearborn and run 
east in Adams street to the lake front, 
where a turn south is to be made, the 
tubes continuing through the park to the 
Twelfth street station of the Illinois Cen- 
tral R. R. A new postal station will be 
established at Twelfth street to handle 
local business in addition to the railway 
mail service. From Twelfth street the 


tubes will run south in Indiana avenue to 





COMPRESSED AIR. 


Twenty-second street, where the Twenty- 
second street postal station is located. 
They will continue south to Thirty-second 
street, where the Armour station is situ- 
ated, and further south to the stock yards 
station. Forty-second and Halsted streets, 
which is the terminus of the south tube 
system. The west tube system will run 
from the new Federal building west to 
the board of trade postal station in the 
Rand-MecNally building, and from there 
west to the Union depot. This line will 
handle railway mail as well as the busi- 
ness of the Union depot postal station. 
The north system will run beside the 
south system to the Lake Front park, 
thence north to the temporarry post 
office, or to a new postal station to 
be established nearby when the tempo- 
rary postoffice is abandoned. The tubes 
will extend to the South Water sta- 
tion at 15 La Salle street and under the 
river to the Northwestern depot, which 
will be the terminus. A new postal sta- 
tion will be established either inside of or 
near the depot. All the tubes will be 
8 ins. diameter, inside measurement, and 
of uniformity, so that the carriers can be 
interchanged. It is left to the successful 
bidders to make arrangements with the 
city for the use of the streets which the 
tubes will traverse—Railway and Engi 
neering Review. 








Tunnel Construction for the Cables of the 
Illinois Telephone & Telegraph Co. 


Quite in contrast with much of the 
work connected with the subway construc- 
tion in New York City, is the building of 
the tunnels in Chicago for the cables of 
the Illinois Telephone & Telegraph Co. 
This work has been carried on so quietly, 
with practically no plant on the surface to 
attract unusual attention, that very few of 
the people that frequented the busy thor- 
oughfares of the business district of Chi- 
cago were aware of, the magnitude of the 
work until some 12 miles of tunnels had 
been completed. It is really remarkable 
that a work of this magnitude should have 
been constructed without a single com- 
plaint from a taxpayer or a pedestrian on 
the streets, or a complaint from any de- 
partment of the City Hall. The Depart- 
ment of Public Works in the city of 

















Chicago, during the construction of the 
12 miles of conduit, saw that the work 
was done in such a manner that there 
would be no possible chance of any unfav- 
orable criticism from taxpayers, they 
keeping almost hourly reports of the work 
as it progressed. Mines and Minerals in 
their January issue describes the sinking 
of the shafts as follows: 

“A steel caisson was used, made of No. 
12 steel plate with a 3-inch angle iron 
riveted to the plate at the top and bottom. 
These steel plates were made in sections 
18 inches deep, and divided in proper 
lengths to fit a semicircle 9 feet in dia- 
meter. The sections of steel plates and 
lagging were bolted together as the ex- 
cavation was being done, or, in other 
words, the depth of the section being 18 
inches, only about 18 inches at a time were 
excavated in depth, and as the individual 
plate sections were about 5. feet long, 
pockets about 18 inches deep, 2 feet wide, 
and 6 feet long were excavated, which 
excavation allowed the placing of one of 
the sections to a completed upper section. 
By this method of closely following the 
excavation with the plate lining, any 
chance of settlement in the ground or 
caving in was obviated. After the shafts 
had been sunk to the proper depth, a 
7-inch wall of concrete was constructed 
inside of the caisson. 

“After satisfying themselves as to the 
nature of the subsoil, the company settled 
upon the method for carrying out the work, 
and the pneumatic system was adopted, as 
experience dictated that it was the most 
economical and safest. While it was not 
altogether necessary to use this system, as 
the nature of the soil gone through was 
such that it would stand without caving or 
swelling, the pneumatic system was intro- 
duced more for the purpose of protection 
in case it was necessary that the work 
should he left for a time in an uncompleted 
state. In installing the pneumatic system, 
air locks were placed just outside the sev- 
eral shafts.” 





A small Vertical Belt Air Compressor. 


This compressor is manufactured by the 
American Air Compressor Works and is 
built in three sizes, namely, No. 4, No. 6 
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and No. 7, having a capacity of 6, 16 and 
25 cubic feet per minute, and suitable for 


any pressure up to 100 lbs. per square 
inch. 
These machines work on the double 


acting or compound principle, that is they 
partially compress the air on the down 





A SMALL 


VERTICAL 


BELT AIR COMPRESSOR. 


stroke, then passes on into the other side 
of piston where it is again compressed to 
the pressure desired. 

These machines are built with improved 
metallic (Poppet valves), water jackets 
around air cylinder, fly wheel pulley, lub- 
ricator, oil cups, and all other mountings 
complete. The machines are particularly 
adapted for experimental and laboratory 
work, No. 7 size being used quite exten- 
sively for operating three stone hammers. 
They are also adaptable for operating 
moulding machines and air hoists. 











Notes. 


At a meeting of the Board of Directors 
of the Allis-Chalmers Company held Janu- 
ary 15th, 1903, regular quarterly dividend 
was declared on preferred stock. 





Steel cars are being cleaned by the Pitts- 
burg & Lake Erie with compressed air, 
and the Pennsylvania is giving the subject 
attention with a view to improving meth- 
ods it has employed. 





The generating plant of the Northern 
California Power Company at Cow Creek 
in the high Sierras, furnishes current from 
that and another station for ore smelting, 
for operating air compressors, for town 
lighting, for water works and for the irri- 
gation of land. 





The Empire Engine and Hoist Co. re- 
port that they have just completed the fill- 
ing of an order for 24 Empire air drills 
to the U. S. Navy Yard, at Brooklyn, N. 
Y., at which place they have had in opera- 
tion for the past few years not only many 
other Empire air drills, but numerous 
Empire air hoists as well. 





Mr. A. C. Amos, of 20 Bucklersbury, 
London, E. C., announces that he has been 
appointed sole London agent to the Con- 
solidated Pneumatic Tool Company, Limi- 
ted, which is an amalgamation of the New 
Taite Howard Pneumatic Tool Company, 
Limited, and the International Pneumatic 
Tool Company, Limited. 





It is reported that the British Schuckert 
Electric Co., Ltd., Surrey Street, London, 
W. C., have sent out a blue print showing 
the results of rock drilling tests at the 
Disseldorf Exhibition. This indicates 
that the combined Meyer-Schuckert elec- 
trically-driven compressed air percussion 
drill achieved results nearly 33 per cent. 
better than the second best competitor. 





The International Correspondence 
Schools of Scranton, Pa., have issued a 
little booklet called “One Thousand and 
One Stories of Success,” which they in- 
tend sending to all prospective students. 
This publication proves beyond a doubt 
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the genuineness of the International 
School’s prosperity, and we especially wish 
to congratulate them on the well gotten 
up little booklet. 





In the machine shops of the Hydraulic 
Installation at the Panuco Mines in Mex- 
ico, Many pneumatic tools are in use; the 
steam hammers in the smiths’ shops are 
run by compressed air in place of steam; 
the largest hoisting plant is run direct by 
a water-power motor, and the general ex- 
isting circumstances seem to point in 
favor of compressed air being used for 
general underground purposes; and this, 
after the fullest consideration, has been 
finally adopted, and the general results ob- 
tained after its installation fully justify its 
adoption. 





Ottoffy & Williams of St. Louis, Mo., 
sent a communication to Jacksonville, Fla., 
calling attention to their new invention, 
consisting of a van for the purpose of 
washing and sprinkling streets by means 
of compressed air. The street board con- 
sidered it wise to investigate this device 
and get further data and information in 
regard to the subject, and Superintendent 
of Streets, S. L. Earle, will communicate 
with the inventors and manufacturers and 
report as soon as he has definite informa- 
tion. There have been numerous com- 
plaints regarding the bad condition of the 
streets. 





The directors of the American Pneu- 
matic Service Company, in a circular let- 
ter to stockholders, outline the work of 
the company, the development of the pneu- 
matic tube system, the plans for the ex- 
tension of the business of the company, 
the needs of the company for ready cash, 
and say: 

“For these reasons your directors have 
unanimously voted to defer action upon 
the payment of any dividend on the pre- 
ferred stock for the present, and they are 
advised that by so doing the rights of the 
preferred stockholders to share in divi- 
dends out of the past year, as well as out 
of earnings during the period in which 
earnings are thus employed, are preserved 
and protected.” 





An estimate of $10,000 has been trans- 
mitted to the House at Washington, D, C., 





to 











to pay the annual rental of a _ pneu- 
matic tube service proposed to be 
established in the treasury building. 
The letter of transmittal contains a 
statement from Supervising Architect 
Taylor, which states that under the 


direction of the Secretary various pro- 
posals have been received for a pneumatic 
tube service in the treasury building, and 
also between that building and the various 
executive buildings, said proposals being 
much in detail, one of which is for the ren- 
tal of a pneumatic tube service in the 
treasury building, the department to fur- 
nish the power therefor, for which rental 
and expenses incident thereto an annual 
expense of $10,000 will be involved. 





Within the last month, before the Bir- 
mingham Students’ Engineering and Met- 
allurgical Society, England, Mr. A.Craven 
read a paper on “Pneumatic Tools, their 
Construction and Uses.” The author hav- 
ing briefly indicated the great expansion 
in the use of these tools in British works, 
described very fully the construction of the 
chief types of those in general use, and 


also of some of their prototypes. In this 
description he included chipping and 
caulking tools, drills, hoists, hammers, 
rivetters, etc., and afterwards showed by 
means of lantern slides, the many and 
varied uses to which these may _ be 
adapted, and compared the work done 


with them to hand work, actual examples 
of such work being shown for comparison. 





The efficiency of compressed air plants 
can be greatly increased by _ reheating. 
The gains are both direct and indirect. 
The chief direct gain is in the greatly in- 
creased efficiency of fuel used in the heat- 
ing stoves as compared with the effect 
when coal is burned under boilers. It is 
commonly stated, and the statement is 
fairly correct, that when one pound of 
coal is burned in a reheater stove the 
commercial effect is as great as when 
three pounds are burned under a boiler. 
The increase in commercial efficiency when 
reheating air from 60° to 400° F. may be 
put at 35 per cent. The indirect gains 
are: 1. Better lubrication of the com- 
pressed air engine. 2. Less investment 


required as a smaller plant will be re- 
quired, 


3. Reduction of compressor en- 
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gine friction as compared with the useful 
work done. In the next few years we 
hope to see all mines using compressed 
air have reheater stoves. 





It seems rather pathetic nowadays when 
a leading railroad reports that the air 
brakes on a fast freight train must wait 
for test until the locomotive is backed 
down from the shops and coupled to the 
train, and when a full hour is consumed 
in the testing. Yet this is the situation 
on some of the railroads which otherwise 
have a claim to greatness. The time of 
testing will be largely reduced if the yards 
are equipped with testing plants where an 
important train may be tested while it is 
being made up, or immediately after, 
thus doing away with the necessity of 
waiting for the engine and consuming 
valuable time after the crews have been 
called and are ready to start. 

This old-time method, which should be 
immediately regulated as exceedingly 
costly and behind the times, should be re- 
placed by a more modern one of yard 
testing plant, which will greatly facilitate 
the air-brake service. 





The physiological effects of working in 
compressed air have been studied during 
the placing of foundations for a lock in 
the Danube at Vienna. The work re- 
quired nearly three years, and in this time 
675 men were employed for an average of 
553 hours under pressures of one to five 
atmospheres above the normal. Each 
working shift of four hours was followed 
by eight hours off duty. Included in the 
working time were the rests in the air- 
locks to become gradually accustomed to 
the pressure changes, from 5 to 35 minu- 
utes being necessary on entering and a 
longer period up to 20 minutes for each 
atmosphere on leaving. The results have 
led to the conclusion that carefully-selec- 
ted men may work under pressures up to 
75 pounds to the square inch without ser- 
ious risk. Yet of these men nearly one- 
half were obliged to go to the hospital, two 
dying and six being permanently injured, 
and it was found that sufferers from nasal 
catarrh, ear troubles or bad digestion were 
specially unfit for employment. 





When using the term motor, one should 
not always have in mind an electric motor, 
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as we believe that a great deal of the econ- 
omy which has been arrived at by the use 
of individual electric motors can be very 
closely approximated by the use of indi- 
vidual steam or compressed air motors. 
There are quite a number of small steam 
motors which are quite efficient, and it 
is very noticeable in factories abroad how 
the use of small steam engines driving 
different parts of factories, instead of their 
being coupled to one main engine, has 
been adopted. In Paris the use of indi- 
vidual air motors is a very common prac- 
tice, and in Germany the use of individual 
gas engines is nearly as well developed. 
Recent developments in the direct com- 
pression of air by falling water, from 
which a very much larger net effect can 
be obtained by means of preheating and 
premoistening before using in motors, and 
the possibilities of distributing perfectly 
dry, cold compressed air long distances 
without serious losses will in the near 
future bring the use of individual air- 
driven motors into greater prominence. 





The Morning Mining & Milling Co., 
Idaho, employs in exploitation a_ well 
planned power system, most of which is 
used for making compressed air. The 
water is gathered from various streams 
high up on the mountains above the com- 
pressor site, and conveyed to the wheels by 
three pipe lines of 1400, 1200 and 140 feet 
head, respectively. The 1400 and 1200- 
foot heads are delivered by separate noz- 
zles on a Pelton wheel 32% feet in dia- 
meter. The 140-foot head is used to drive 
two 11-foot Pelton wheels, one on each 
side of the big one and on the same shaft. 
There are two compressors, one on each 
end of the water wheel shaft. They have 
18 x 3214 x 42-inch cylinders, with inter- 
coolers. The air is compressed to 28 
pounds in the low-pressure cylinder, and 
delivered by the high-pressure cylinder at 
90 pounds. Running at full speed these ma- 
chines compress about 6000 cubic feet of 
free air per minute. The pipes which 
convey this air to the mine cost more than 
the machinery. They comprise 9200 feet 


of 12%-inch pipe to No. 6 tunnel, at which 
point the air is divided into two lines of 
g-inch pipe, one entering No. 6 tunnel, 
which will be 2 miles long, and another 
leading 4% miles to No. 5 tunnel. 
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The beneficient results of keeping elec- 
trical or other particularly vulnerable ma- 
chines clean are very generally realized, 
but the flexibility and efficacy of com- 
pressed air as a cleaner of such machines 
are not appreciated as universally as they 
might be, judging from the relatively 
limited number of such applications. One, 
and possibly the chief advantage derivable 
from the use of compressed air to clean 
dynamos, motors, etc., is the ability to re- 
move collections of foreign material with- 
out touching the parts of a machine on 
which they are lodged. By no other 
means is it possible to remove oil-soaked 
copper or carbon dust, for example, with- 
out either wiping or scraping the coated 
part. Perfect cleaning by wiping is almost 
impossible, to say nothing of the liability 
of making matters worse by the use of 
dirty waste or pieces of cloth; the serious 
objection to the scraping process is 
obvious. Another advantage of a com- 
pressed air cleaning system is that an out- 
let may be (and usually is) provided near 
each piece of machinery or apparatus, so 
that in many cases each one can be at 
least partially cleaned while in operation, 
In the worst cases, except those of en- 
closed machines, a shut-down of only 
very short duration is necessary for effect- 
ing complete cleaning. 


The Krupp Colleries of Essen, Rhenish 
Prussia, are three in number, namely Han- 
nover, Hannibal and Salzer and Neuack, 
all in Westphalia. These have seven 
working-shafts altogether, furnishing the 
entire coal supply of the Essen Works and 
also the greater part of the coal and coke 
supply for the remaining Krupp Works. 

The plant at the Hannover and Hannibal 
United Collieries comprises seven shafts, 
of which five are winding shafts. Another 
winding shaft is being constructed. The 
greatest depth is 550 yards. The various 
plants work 30 seams with a total thick- 
ness of rit ft. The “Hannover” and 
“Hannibal United” Collieries have, among 
other machinery, three surface and _ six 
underground pumping engines with a total 
delivery per minute of 529 cubic feet of 
water to an average height of 448 yards; 
six hydraulic air compressors which take 
in per hour 353,000 cubic feet of air at 
atmospheric pressure for the working of 
underground compressed air engines; 














lec- 
ma- 
zed, 
om- 
ines 
hey 
vely 
)ne, 
able 
ean 
re- 
ith- 
on 
ther 
ked 
ith- 
ited 
10st 
ility 
- of 
ious 
is 
om- 
ut 
lear 
, SO 
at 
ion, 
en- 
nly 
ect- 


nish 
[an- 
ack, 
ven 

the 
and 


oke 


S. 
ibal 
fits, 
ther 
The 
ious 
ick- 
and 
ong 
Six 
otal 
of 
‘ds; 
ake 
- at 
+ of 
1eS; 








three fans (and one spare ventilator) act- 
ing by suction with a total delivery per 
minute of 350,000 cubic feet; and four 
coal-separation and three washing plants 
with an output of 200 tons per hour. 

The total output in 1901 of the Krupp 
mines amounted to 1,479,334 metrical tons 


of coal. 





The ordinary gasoline blow torch com- 
monly used in paint shops for removing 
old paint from cars and trucks preparatory 
to repainting, says the Automobile Review, 
is not only an inconvenient thing to han- 
dle, but is constantly a menace to property 
and requires the strictest attention to pre- 
vent fires. 

Mr. J. Millar, superintendent of rolling 
stock for the International Ry., of Buffalo, 
has abandoned the use of blow torches 
entirely in this work and now uses a 
home-made sand blast consisting of a sand 
tank, a few feet of 34-inch iron pipe, and 
a nozzle made by flattening out a piece of 
34-inch iron pipe. Compressed air is taken 
through the iron pipe from an air com- 
pressor in the main shops. The sand which 
must be of fine clean quality is fed from 
the tank into the air pipe in the manner 
indicated in the diagram, the force of air 
combined with gravity, being sufficient to 
draw the sand down into the pipe in a 
good steady stream. By means of the flex- 
ible connection and nozzle one man directs 
the sand against the surface to be cleaned, 
exactly in the same way as he would 
handle a blow torch of any kind. Mr. 
Millar states that with an air pressure of 
approximately 90 lbs. and a good quality 
of sand every particle of old paint is re- 
moved and a cleaner surface is secured 
than could be obtained with a blow-pipe 
flame, and in just one-half the time, inas- 
much as one man now does the work for- 
merly requiring the services of two men. 


Electricity is not being largely adopted 
in Australian mining so far; the real rea- 
son for this does not arise from want of 
appreciation of the advantages as much as 
from the difficulty of obtaining immediate 
deliveries. German and American motors 
are in places obtainable, but there is abso- 
lutely no chance of obtaining British plant 
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subject to any reasonable date of delivery. 
In large mines, like the Broken Hill 
Proprietory, where the tonnage is large, 
10,000 tons per week, electric haulage has 
been adopted, and all trucking is done by 
electric motors instead of horses at con- 
siderable reduction in cost. In most large 
mines throughout the colonies also the 
lighting is electric, but electric winding 
engines and drills are not in use. Even 
at the Kolar mines, India, where water 
power is available and there is an electric 
supply, the hoists and drills are worked by 
compressed air. Apart from the advan- 
tages as regards ventilation by the use of 
compressed air, compressors can be very 
cheaply run where electric power is avail- 
able, as the motor and compressor can be 
run always at high efficiency. Receiver 
capacity of sufficient volume can always 
be provided, and by reheating the air both 
drills and hoist can be run continuously, 
as the compressor will recharge the re- 
ceiver between the skips, the demand of 
the drills being comparatively lignt. The 
fuel required for 150 horse-power for re- 
heating will only average about a cord a 
day, and the hoisting charges, where elec- 
tric power costs, say, £10 per horse power 
per annum, would not, for ordinary 
depths, amount to more than Is. per ton 
milled. 





We take the liberty of reprinting a note 
found in the Daily News, London, read- 
ing as follows: 

“Compressed air (writes an enthusias- 
tic correspondent) is one of the few nat- 
ural forces which has not as yet received 
its due share of attention in the Press. It 
has, however, a journal of its own, pub- 
lished in America, and printed in the most 
luxurious style. Many of us scarcely real- 
ize the importance of compressed air. It 
may therefore be described as the inspir- 
ation of a football or a Dunlop tire. It is, 
moreover, compressed air which breathes 
manifold music from the souls of organs, 
and which lends rotundity to the cheeks of 
Sousa’s performance on the trombone. 

“It is compressed air (he continues) 
which causes lovers to sigh and steam 
whistles to shriek. It boos from the fog- 
horn and catcalls through the siren. And 
recently it was to be found opposite the 
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National Liberal Club, where it was being 
carried about in a kind of red vehicle—a 
cross between a motor-car and a water- 
cart. 

“A pipe led from it through the 
windows of a _ hotel, where something 
must have been going on inside. But 
what? Were people having a little ozone 
in the drawing room? I rather suspect 
that the furniture was being cleaned by 
means of the syringe, through which the 
air is directed whenever there is dust. It 
is far more efficacious than brushing or 
beating the poor armchairs, and com- 
pressed air is frequently used to cleanse 
railway carriages. It is the regular agency 
for stamping glass mugs. Air mixed with 
sand is driven through a stencil, and eats 
its way into the vessel in a very few min- 
utes—as may be seen at any London 
County Council laboratory for testing 
such measures. 





A more or less new shaft sinking sys- 
tem has been recently introduced by Mr. 
Charles Walker, of Doncaster, England, 
and two 24 ft. 6 in. pits are now being 
sunk with it by him at the Sherwood Col- 
lieries, Mansfield, Notts., with great suc- 
cess. The power adopted has been com- 
pressed air, combined with hand-boring, 
and the whole of the plant has been manu- 
factured by the Hardy Patent Pick Co., 
Ltd., Sheffield. The sinking frame proper 
consists of an iron or steel ring, in this 
case 8 ft. in diameter, with a tee-slot an- 
nular groove. Upon this ring are mounted 
eight arms, each telescopic, and provided 
with jack screws, the end-mounting on 
the ring being secured by suitable clamps, 
held down by tee-bolts in the annular slot. 
The frame is also provided with telescopic 
legs, which adjust themselves to any ir- 
regularity in the pit bottom, and on the 
telescopic arms the boring machines are 
mounted in any desired position. ‘The cir- 
cumference of the frame is indexed with 
figures showing the position the arms must 
be in to drill any desired number of holes. 
For example, let us suppose that it is de- 
sired to drill a round of 16 side holes. 
Each of the eight arms must be over the 
arrow marked 16. These holes are then 
put down the desired depth, and one mov- 
ing of each arm to the next arrow marked 
16 completes the round. Following on 


these, 14 sumpers may be required. The 
machines must be worked back on the 
arms to the mark thereon for the proper 
diameter of the ring for sumpers, and the 
drilling in each case commenced and fin 
ished over the arrow marked 14, and so 
on; so that it will be readily seen that 
there is no loss of time in marking out, 
but the mathematical accuracy of the drill 
ing enables the chargeman to reap the full 
advantage of his firing. 





COMMUNICATIONS. 


Under this heading will be published inquiries 
addressed to the Editorof COMPRESSED AIR. We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions. 

We request that the rules governing such corre- 
spondence will be observed, viz. : all communica- 
tions should be written on one side of the paper 
only ; they should be short and to the point. 


CoMPRESSED AIR: 


Gentlemen—We note in your issue of 
December, Volume 7, No. 10, you show on 
page 2104, a pneumatic sand rammer, and 
we should like to know from whom we 
can get prices and other information in 
regard to one of these complete, which 
you specify as weighing about 20 lbs. 

We would like to have the information 
promptly, and would consider it a favor 
if you would favor us with an early reply 

Yours truly, 
WESTERN TUBE COMPANY. 


WESTERN Ture Co., 
Kewanee, Ills. 
Gentlemen: 

We find on looking into the matter that 
the Pneumatic Rammer, shown on page 
2104, of the December number, is manu 
factured by the Philadelphia Pneumatic 
Tool Co., 1038 Ridge Ave., Philadelphia, 
Pa., and we believe they publish a special 
pamphlet describing this rammer and sug- 
gest that you write to them. We are 
sending a copy of your letter to this Com- 
pany and trust that you will approve of 
our action. 

Yours very truly, 
CoMPRESSED AIR. 
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U.S.PATENTS GRANTED DEC. 1902 
Specially prepared for COMPRESSED AIR. 


DOOR FOR HOUSING OF PNEU- 
ELEVATORS. Chester Bradford, 


714,662. 
MATIC 


Indianapolis, Ind. Filed May 17, 1902. 
Serial No. 107,797. 
The combination, in a boot or housing for 


pneumatic elevators having an opening in the 
bottom thereof, of a door for closing said 
opening consisting of a piece adapted to fit 
therein, a frame carrying said piece formed 
at one end to engage with a supporting device 
carried by the sides of the housing and having 
ears at the other end, locking-bolts engaging 
with said ears, and the housing sides provided 
with lugs with which said locking-bolts may 
also engage. 


714,873. PNEUMATIC CARRIER 
Wilbur G. Davis, Newton, Mass. 
2, 1901. Serial No. 84,297. 


SYSTEM. 
Filed Dec. 


A pneumatic-carrier system comprising a 
carrier, a normally dead _ transmitting-tube 
therefor, a reservoir containing air at a pres- 
sure at variance with the pressure in said 
tube, means to place said reservoir in com- 
munication with the end of said tube, to cause 
the difference in pressure between the air in 
said reservoir and that in said tube to estab- 
lish propelling movement of air through said 


tube, a closure for the opposite end of said 
tube and automatic means for holding said 
closure withdrawn from the end of said tube 
during flight of a carrier toward it through 
said tube. 


715,244. PNEUMATIC TUNNELING SHIELD. 
Theodore Cooper, New York, N. Y. 
Serial No. 109,648. 


Filed 
May 31, 1902. 





The combination with a tunneling-shield of 
an after bulkhead therein comprising a coni- 
cally-shaped trough having its axis parallel 
with the axis of the shield and extending 
rearwardly from the cutting edge of the 
shield at or near which its forward edges at- 
tach, 
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714,874. PRESSURE-CREATING DEVICE 
FOR CASH CARRIER SYSTEMS. Wilbur 
G. Davis, Newton, Mass. Filed Dec. 9, 
1901. Serial No. 85,144. 


A pneumatic propelling device comprising a 
segmental inclosing case having one or more 
flat faces, a rotary reciprocatory member in 
said case and treadle means for reciprocating 
it, inlet and outlet openings in said flat face 
at each side of the axis of said reciprocatory 
member, valves for said openings and means 
to support said case in position with its said 
flat face or faces and said inlet-openings 
uppermost. 


715,324. CAN-TESTING MACHINE. Newton 
B. Wachhorst and Maurice J. Ross, San 
Francisco, Cal. Filed September 4, 1902. 
Serial No. 122,104. 


In a can-testing machine, a  can-clamp, 
means for admitting air to the can while in 











the clamp, means for pneumatically main- 
taining the clamp, and means for releasing 
the clamp at a break in the air-pressure. 


715,349. PNEUMATIC STRAW-STACKER 
FOR THRESHING MACHINES. Robert 
Christie and Thomas B. Christie, Hamilton, 
Canada. Filed June 9, 1902, Serial No. 

110,712, 
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715,585. COMPRESSED-AIR BRAKE F 
RAILWAYS. Leon Kirchner, Mulhouse, 
Germany, assignor of one-half to Johannes 
Handschen, Basle, Switzerland. Filed Oct. 
7, 1902. Serial No. 126,307. 


In compressed air-brakes for railways, the 
combination with an auxiliary air-reservoir 
and its brake-cylinder of a differential elastic 
tube manometer permanently connected by one 
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of its elastic tubes with the said auxiliary air- 
reservoir and means controlled by the brake 
operating valve for connecting the other man 
ometer-tube to the brake-cylinder on an ordi 
nary service braking so as to indicate then 
the difference or equality of pressure both in 
the auxiliary air-reservoir and in the brake 
cylinder. 


715,723. PNEUMATIC SPRING FOR VE 
HICLES. William C. Wood, Wetumpka, 
Ala. Filed April 19, 1902. Serial No. 
108,832. 


715,760. PNEUMATIC STACKER FOR 
STALK-SHREDDING MACHINES. Charles 
E. Curtiss, Chicago, Ill., assignor to Inter- 
national Harvester Company, Chicago, IIL, 
a Corporation of New Jersey. Filed June 
28, 1902. Serial No. 113,602. 


715,800. AIR AND GAS MIXER. Charles 
W. Hinman, Boston, Mass. Tiled April 15, 
1902, Serial No, 103,018. 


In a gas-lighting and heating apparatus, a 
holder for holding a variable volume of mixed 
air and gas under constant pressure, a deliv- 
ery pipe leading from it to the burner, a 
pump connected with said holder for simul- 
taneously delivering measured volumes of air 
and gas thereto, air and gas inlets to said 
pump, means controlled by the volume of 











mix 
ing 
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mixed air and gas in said holder for regulat- 
ing the delivery of air and gas thereto, and a 
motor for operating said pump. 


716,031, 


Good, 


PNEUMATIC 
London, England. 


TIRE, 
Filed 


Henry N. B. 
Mar. 17, 


1902. Serial No. 98,574. 

716,196. COMBINED AIR-BRAKE AND 
SLACK-ADJUSTING MECHANISM, James 
M. Craig and William Hl, Buck, Denver, 
Colo. Filed Feb. 27, 1902. Serial No. 


The combination with brake devices, of a 
cylinder, two pistons therein, means for in- 
troducing air to the cylinder between the 
pistons, stems connected with the pistons and 
protruding from the opposite extremities of 
the cylinder, levers connected with the pro- 
truding piston-stems and suitably fulcrumed, 
a stationary frame suitably mounted, ratchet- 
bars slidable in the frame, dogs mounted in 
the frame and engaging said bars, and a suit- 
able connection between the ratchet-bars and 
the piston-stem levers, and between the said 
levers and the brake-levers of the car-trucks, 
for taking up slack in the brake-rigging, sub- 
stantially as described. 


PNEUMATIC-DESPATCH-TUBE- 
Kdmond A. Chicago, 


716,212. 


SYSTEM. lordyce, 


lll. Filed Aug, 4, 1902. Serial No. 118,- 
267. 
In a pneumatic-despatch-tube system, the 


trunk-tube and a blower 
connected therewith, of a series of pairs of 
tubes tapping said trunk-tube and leading 
respectively to outlying stations, and cut-out 
valves interposed in said trunk-tube between 
the individual tubes of each pair of the series, 
respectively, substantially as described. 


combination with a 


716,213. CARRIER FOR PNEUMATIC-DES- 
PATCH TUBES. Edmund A. Fordyce, Chi- 
cago, lll. Filed Aug. 4, 1902. Serial No. 
118,268. 


716,251. PNEUMATIC HAT-BLOCK. Robert 
Lamont and Charles E. Weatherhead, Den- 
ver, Colo. Filed June 3, 1902. Serial No. 
110,104. 


As an improved article of manufacture, a 
pheumatic hat-block comprising a base, an in- 
flatable portion attached to the base, and a 
flexible air-escape conduit extending through 
the block, substantially as described and for 
the purpose set forth. 
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716,323. PNEUMATIC SIPHON. 
Weekley, East Pittsburg, Pa. 
1962. Serial No. 101,379. 


Andrew J. 
Filed April 4, 


In a pneumatic siphon, the combination of 
a body portion, an air-inlet, a refuse-inlet and 
a common outlet formed therein, said body 
portion being provided with an inclined side 
between said refuse-inlet and said outlet-port, 
and means provided in said air-inlet for de- 
flecting the injected air against said inclined 
side, substantially as described. 


716,498, SUBBASS FOR SELF-PLAYING 
ORGANS. Charles Warren, Guelph, Can- 
ada, assignor to the Bell Organ and Piano 
Company, Limited, Guelph, Ontario, Can- 
ada, a Corporation. Filed May 10, 1901. 
Serial No. 59,675. 


In pneumatic-organs, the combination with 
the upper and lower vacuum-chambers, dia- 
phragms, tubes and tracker-board and pneu- 
matics coacting with same, of a _ subbass- 
chamber having a mute opening and pneu- 
matics located therein beneath the top of the 
same, tubes connecting such pneumatics with 
the passage-ways leading to the upper por- 
tion of the vacuum-chamber, the reed-box and 
reeds located in chambers therein, such reeds 
extending downwardly through the main or 
lower vacuum-chamber into the exhaust-bel- 
lows and the pallets extending over the top 
of the reed-box chambers and connections be- 
tween the pallets and pneumatics as specified. 


716,499. MOTOR FOR SELF-PLAYING OR- 
GANS. Charles Warren, Guelph, Canada, 
assignor to the Bell Organ and Piano Com- 
pany, Limited, Guelph, Ontario, Canada. 
Filed Oct. 11, 1901. Serial No. 78,324. 


In a pneumatic organ, the combination with 
the motor and spindle thereof and the music- 
sheet and driving-drum therefor, and gear- 
wheel on the spindle of the driving-drum, of 
the supplemental spindle provided with a 
gear-pinion at one end meshing with the gear- 
wheel on the driving-drum, a sleeve secured 
on the opposite end provided with longitud- 
inal slots extending lengthwise over the end 


of the motor-spindle, and a pin extending 
through the motor-spindle and the _ slots 
whereby the supplemental spindle may be 


moved longitudinally to throw the pinion in 
and out of gear without disturbing the oper- 
ative relation between the two spindles, as 
specified. 
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716,693. PNEUMATIC INNER TUBE FOR 
TIRES. Charles F. A. Ormskirk, 
England, assignor of one-half to James 
Hamilton Cobley, London England. Filed 


May 16, 1902. Serial No. 107,670. 


Esse, 


716,783. PNEUMATICALLY-ACTUATED CAR 
DOOR. Albert W. Sullivan and William 
Renshaw, Chicago, Ill. Filed April 13, 1901. 
Serial No. 55,638. 


In combination with a sliding door, means 
for actuating the same including an abutment 
on the door, a reciprocatory member, a collet 
carried by said member and adapted to con- 
tact with the abutment on the door, a guide 
supported by the framework of the door and 
engaging said collet, and means for shifting 
the reciprocatory member, substantially as de- 
scribed. 


716,839, AIR OR 
PUMP. Franklin 
Filed Feb. 20, 1901. 


STEAM OPERATED 
Heil, Santa Ana, Cal. 
Serial No. 48,176. 
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A pump comprising a lifting-pipe: a check- 
valve at the lower end thereof: an air or 
steam pipe furnished at its lower end with 
an outlet directly above the check-valve; a 
valve for said outlet; means for supplying 
air or steam under pressure to the air or 
steam pipe; and means for periodically oper- 
ating the valve for the outlet of 
steam pipe. 


said air or 


717,046. SOUNDING MECHANISM FOR 
TELEGRAPH-OFFICES, John C, Stewart, 
U. S. Army, assignor of one-half to Andrew 
S. Burt, U. S. Army. Filed March 18, 
1902. Serial No, 98,807. 


The combination with a relay-magnet and 
a sounder of a telegraph-station plant, of a 
pheumatically-operated motor mechanism for 
the sounder, a valve for controlling said 
pneumatically-operated motor mechanism and 
an armature for the relay-magnet supported 


directly by said valve; substantially as de- 
scribed. 
717,048. APPARATUS FOR RAISING LI 


QUIDS SUCH AS OIL, FROM OIL-WELLS 
BY DIRECT AIR-PRESSURE. Robert 


Stirling, Baku, Russia. Filed July 10, x 
1902. Serial No. 115,096. 














An apparatus for raising liquid from deep 
wells by air-pressure, the combination of a 
closed chamber located in the well and fitted 


with a non-return inlet-valve for the admis- 























sion thereinto of the liquid to be raised, a 
pipe for discharging said liquid out of said 
chamber, an air-pipe connected to said cham- 
ber, a piston-valve having a smaller end pis- 
ton normally exposed to the compressed air 
and an opposite larger end piston, a three- 
way valve opening communication between 
said larger piston and the atmosphere to per- 
mit said valve to be opened and a supply of 
compressed air to be conducted through said 
air-pipe to said chamber to expel and raise 
the liquid therefrom and alternately opening 
communication between said larger piston and 
the compressed-air supply to move said valve 
to cut off the supply of compressed air to 
said chamber, and an automatic device exte- 
rior to said chamber and operated by the 
discharge therefrom for alternately opening 
and closing said three-way valve. 


717.243. HOIST. Edward Y. Moore, Cleve- 
land, Ohio, assignor, by mesne assignments, 


to Chicago Pneumatic Tool Company, a 
Corporation of New Jersey, Filed May 15, 
1901. Serial No. 60,522. 
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In a hoist, the combination of a pneu- 
matic motor, a direct-acting elevating-drum, 
straight-line reduction-gearing connecting said 
drum to said motor, and a governing-valve for 
said motor adapted on one position to posi- 
tively entrap the air in the engine whereby 
the air alone blocks the pistons and sustains 
the load on the straight-line reduction-gear- 
ing, substantially as described. 


717,264. PNEUMATIC TIRE. Herbert R. 
Palmer, Cleveland, Ohio, assignor of one- 
half to Omar Stoppel, Cleveland, Ohio. 
Filed Oct. 11, 1902. Serial No. 126,862. 

717,312. PNEUMATIC STACKER. Edward 
I. Alsted, Truesdell, Wis. Filed May 8, 
1902. Serial No, 106,379. 


717,465. PNEUMATIC STACKER. Albert A. 
Stelting, Madison, Wis. Filed Aug. 6, 1902. 
Serial No. 118,675. 
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Westinghouse 
Motor Driven 


Air Compressors 


All the parts subject to shocks 
ort strains of any kind have 
been made of more than the 
usual dimensions often ob- 
served in machinery of this 
character. 


For particulars address: 


Westinghouse 
Traction Brake Co. 
26 Cortlandt St., New York. 
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THE WORK OF THE DRILL. 


FOR ALL PURPOSES: 
COAL, IRON, STONE, WATER, GOLD, SILVER, OIL, COPPER, TIN, ETC. 
a | ae 


“Boring and Drilling” 


AN ILLUSTRATED TECHNICAL MONTHLY. 








Methods of Boring. New Appliances. Sections of Strata, Etc. 


RECORDED. 
Editorial Office: | Subscription: 
33 STRAND, For the year, - - 10s. with postage. 
LONDON, WwW. c. Single copies, - - Is. 


SEE SEPTEMBER NUMBER FOR SPECIAL ILLUSTRATED REPORT 
OF BORING ENGINEERS’ CONGRESS AT FRANKFORT. - PRICE 2s. 














PORT HURON 
AIR TOOLS 


ALL DEMANDS SUPPLIED IN THE 


PNEUMATIC LINE 


Compressed Air Motors 
Compressed Air Hoists 
Pneumatic Portable Drills 
Pneumatic Hammers and Riveters 





Correspondence Solicited. 


PORT HURON AIR TOOL CO., Ltd., 


PORT HURON, 


MICHIGAN. | 
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. 4 Oe De De De Se De DO Dee @ 
® % 
} Steam Turbines } 
@ HIGH EFFICIENCY 4 
& LOW STEAM CONSUMPTION a 
@ NO DANGER FROM WATER @ 
: LONG LIFE GUARANTEED : 
¢ Turbine Dynamos, Turbine Pumps, Turbine Blowers : 
: Write for Test Bulletin and Catalogue B. * 
¢ CURTISS-CRIPPEN ENGINEERING CO., : 
* 52 BROADWAY, NEW YORK. 3 
@ MONADNOCK BLOCK, = = a 2 CHICAGO é 
4 OOOO OOO OOOO OOOO 0806000000006 














THE JACKSON 
HAND POWER ROCK DRILL 


= USED IN 600 MINES AND QUARRIES 






Operated by one man will accomplish work of three men 
drilling with bits and hammers. 


SAVES 
LABOR, 
STEEL... 
TIME. 


WRITE FOR CATALOGUE No. 55. 


H. D. CRIPPEN, | 


52 BROADWAY, - - NEW YORK. 
| MINING-MILLING-SMELTING MACHINERY. 
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EMPIRE AIR TOOLS. 


All Working Parts Incased. 
Gears Run in Oil Chamber. 


he 


An important feature which is found 
in NO OTHER pneumatic drill is an 
oil chamber enclosing the gears and bear- 
ings, allowing them to travel in oil, and 


Se ae ae ae ae Se ae ae ee a ae De a a Be ie at SO Me ae ane ae 


avoiding wear, friction and frequent 
oiling. 


No. 00 Drill, Capacity 3/16 in. weight 51% lbs. 
No. 0 Driil, Capacity 7/16 in. weight 10% Ibs. 
No. 0 Extra Drill, Capacity 34 in. weight 15 lbs. 
No. 1 Drill, Capacity 1 in. weight 35 Ibs. 

No. 1 Extra Drill, Capacity 1} in. weight 49 Ibs. 
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Me 


t 
No. O BREAST DRILL. 


PNEUMATIC MOTOR HOISTS. 
ae La ft tee 





Take little head-room. 

Light, easily handled, 

Not dependent on air pressure 
to sustain load. 

Made in following Capacities: 
Differential, Class ‘‘A” Hoists 
1,500, 3,000, 5,000 and 10,000 
Ibs, Friction Brake, Class “B” 
Hoists, 800, 1,500 and 2,500 Ibs. 

ate 
Our goods are used by the 
U. S. GOVERNMENT 


| in all NAVY YARDS 


DIFFERENTIAL HOIST. in the east. FRICTION BRAKE 
isT. 
Send for I{lustrated Catalog. 


EMPIRE ENGINE & MOTOR CO., 


OFFICE AND WORKS: ORANGEBURGH, N. Y. 
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The Caskey Portable 


PNEUMATIC PUNCH. 
FOR LIGHT AND HEAVY WORK. 


Saves exactly half the space in length 
needed to do the same work with a sta- 
tionary power punch. 

Saves more than half the labor, only one 
min being required, who can readily do 
more work than several men on stationery 
machine. 

Saves expense of drilling on many lines 
cf work that cannot be done on power punch. 

Avoids much inaccurate work, being so 
much more easily guided and controlled in 
the hands of one man than a sheet or beam 
moved by several men at once. 

Construction is extremely simple, insuring 
low cost of repairs. 

Prices, references, and all further informa- 
tion, on application to the builders. 


F.F.Slocomb & Co., 


WILMINGTON, DELAWARE. 


Built in four sizes. Cut shows size I. 
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PORTER COMPRESSED AIR 
MINE AND INDUSTRIAL HAULAGE. 


MORE UP-TO-DATE, SAFER, HANDIER AND MORE RELIABLE AND ECONOMICAL 
THAN ELECTRICITY. 


We introduced the first air haulage into anthracite mines, and have installed about 80 per 
cent. of the air locomotives in America and the majority of those in the world. We can refer to 
a large number of plants with one to fifteen locomotives, track gauges 18 to 56% inches. Our 
designs are automatic, easily controlled and free from complications. 

SPECIAL OFFER: On application of Mine of a or prospective user, we will mail 
free our 233 page catalogue describing 600 steam and 60 air locomotives. To accommodate others 
a copy will be mailed on receipt of 50 cents in stamps, 


Address H. K. PORTER COMPANY, - - 540 Wood St., Pittsburgh, Pa. 
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We're making a Specialty of 


Filling the foundryman’s wants. We're making a specialty of doing this 
neatly, quickly, and in a way that puts money in his pocket. 
We don’t undertake any job belonging to the iceman. We don’t know 


fe 


ot ee%e So. 
oe 


anything about cutlery. We couldn’t write a respectable looking article about ‘} 
lemon squeezers. Our ideas are very crude regarding fruit jars. Our experi- % 
ence is very limited in setting saws, ee 
We leave all those lines to the journals that ‘‘covereth the whole earth.”” 
We don't know it all and we don’t try to do it all. i 


Yo. 
- 


We have “‘ boiled down”’ and concentrated all our “know how”’ to the 
formerly neglected foundry business. 

We dish up every month the most appetizing nourishment for all kinds of 
foundries. Nothing but foundries mind you, 

Everyone has paid for his meal ticket too. Not a deadhead sits at our 
table. No ‘‘free soup’’ goes with us. 

Let us sandwich in an advertisement of the stuff you want the foundries 
to buy. 

It will be masticated all right. The orders you will get thereafter will 
show you that you have not advertised in vain. 


THE FOUNDRY, 


DEreaaT, ~° °° #* °° BECHIGAN. 
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SULLIVAN COMPRESSORS 


ALL TYPES. 


MODERN 
DESIGNS 


ECONOMICAL 
EFFICIENT 


ROCK DRILLS 


DIAMOND 
DRILLS 


COAL 
CUTTERS 





DRIVEN BY 


To insure prompt attention 


DURABLE address Department 8. COMPRESSED AIR 


SULLIVAN MACHINERY CO. 


135 ADAMS STREET, CHICAGO. 
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Did You Ever Use WE CAN PROVE 
Press Clippings? 


to you that 





Do you want everything printed in the News- A 
papers, Magazines and Trade Press of the 


=e and Canada on any particular Tabor Vibrator 


Send us your order, describing what you 


want us to clip, enclose $2.00 and we will . © 

send you our service, for one month, mailing O ing ac ine 
you daily or weekly all clippings found on 

your topic. We Read and Clip about 25,000 





Publications each month. Operated by Compressed Air 
MANUFACTURERS can learn where there will show more durability and 

is a market for their goods and how best to ; i 

reach it. a greater capacity for turning 
BUSINESS MEN can obtain reliable tips out castings with less scrap 
which lead to business brought in on the than any machine made. 
follow-up plan. 

ANYONE can gather all that is printed about WRITE US FOR PROOF 
matters of immediate interest, the latest and 

best thought from many sources, 2 

UNITED STATES PRESS THE TABOR MFG. CO. 
CLIPPING BUREAU 18th and Hamilton Streets 
153 La Salle St. Chicago,U.S.A. 


ana Send for our Booklet PHILADELPHIA 




















WHEELER CONDENSER & ENGINEERING CO. 
NEW YORK. 


SURFACE 


For 
CONDENSERS. 


MARINE 


Mounted on 
ant Combined Air 
STATIONARY and 
SERVICE. Circulating 
Pumps. 





PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER ; WHEELER LIGHTHALL SURFACE CONDENSER ; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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THE 


ENGINEERING 
MAGAZINE 


THE ENGINEERING MAGAZINE 
publishes the best original articles 
by the highest authorities on all 
phases of current engineering 
progress. 

Additional and exclusive feat- 
ures are: a Review and Topical 
Index to the current contents of 
nearly two hundred engineering 
and industrial journals; Current 
Record of New Technical Books; 
Industrial News; latest Improved 
Machinery and new Trade Liter- 
ature. 

Every number is a valuable refer- 
ence book for every engineer or 
student of engineering. 

Ask for sample copy and descrip- 
tive circular. 

THE ENGINEERING MAGAZINE 

120-122 Liberty St., New York. 
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LARCE 8vo. ABOUT 
700 PACES. 

600 HANDSOME 

ILLUSTRATIONS. 


By 
CARDNER D. 
HISCOX, M.E. 


PRICE, $5.00. 
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COMPRESSED AIR 


ITS USES AND APPLICATIONS 


(ONPRERDAR 


ND ITS 


APPLICATIONS. ae - gent deen —. 





ent and economical vehicle for work—w th air tab!es of compression, expansion aud physical 
properties. Copies of this book will Le sent prepaid to any address on receipt of price. Address 


COMPRESSED AIR, 26 Cortlandt St., New York 
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i - air bias's for cleaning and paint- 








McKiernan Drill Co., 


170 BROADWAY 
NEW YORK, 


MANUFACTURERS OF 


Rock Drills, Etc, 
Air Compressors 


Various Types. Special Designs. 
for all Dynamic Purposes. 


AIR LIF TS. 


Western Representatives: 
CONTRACTORS’ SUPPLY CO. 
Monadnock Building, CHICAGO | 


| 
| 
| 
| 
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Suitable 


A complete treatise on Com- 
pre-red Air, comprisiug its phys- 
ical and operative properties from 
a vacuum to its liquidform. lts 
thermooynamics, compression, 
tra.swission, expansion, rnd its 


pneumatic motors, shop tools, 


ing. The San] Blast, air lifts, 
pumping of water acds and 
«us; aeration and puriication 
of weter supply, are all tieated, 
as Ww il as railway propuision, 
preumat’c tube transn:ission, re- 
trigeration. The Air Brake. and 
buimerons appiances in which 
compressed nir is a moet ce nveni- 








COMPRESSED AIR. 





COOPER- 
CORLISS 
ENGINES 

















FOR ALL POWER PURPOSES 





Complete Plants a Specialty 
EXCELLENT FACILITIES FOR HANDLING EXPORT TRADE 





ESTABLISHED 1833. 


att _C. & G. COOPER COMPANY 


MT. VERNON, OHIO, U. S. A. 
























BRANCH OFFICES: 
NEW YORK 
1023 Havemeyer Building 
F. W. IREDELL, Manager 





BOSTON 
411 Weld Building 
B. A. CHURCH, Manager 


ATLANTA 


507 Gould Building 
E. W. DUTTON, Manager 
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Competition. 


It isn’t the competitor who employs cheap labor that 
worries you. 

And it isn’t the one who uses cheap pneumatic tools. 

Why? Because you know that cheap labor and cheap 
tools make high cost of work. 


Keller 
Pneumatic 
= Tools 


cost more to buy than any others—but their product is so 
large that it puts labor-cost away down. 

Are you using inferior tools? 

What will become of you? 


Send for our new catalogue. It is full of good ideas for using Pneumatic 
Chipping and Riveting Hammers, Rotary Drills, Foundry Rammers, Yoke 
Riveters, etc. 





Philadelphia Pneumatic Tool Co. 
21st Street and Allegheny Ave., Philadelphia 


NEW YORK CHICAGO PITTSBURGH SAN FRANCISCO BOSTON 
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COMPRESSED AIR. 





is technicaltraining. For ten years 
we have been training ambitious 
people to succeed, Write for cir- 
cular, showing how we give you 
the training BY MAIL required 
bya Mechanical, Steam, Electrical, 
or Civil Engineer; Drattsman; 
Architect; Ornamental Designer; 
Chemist; Bookkeeper, ete. Men- 
tion position that interests you. 
International 
Correspondence Schools, 
Box 1132 Seranton, Pa, 





Dsed 2. Officers of all Railroads 


Spam enema) THe POCKET LIST or 
$1.00 per annum. RAILROAD OFFICIALS 
THE OFFICIA L Advertising rates on application. 
RAILWAY EQUIPMENT prescreened pas 
REGISTER sey ce3 ans elaine Compania 
Subscription Price, $5.00 per annum. Single copies, $1.00, 
SHE RAILWAY EQUIPMENT & PUBLICATION CO 
24 Park Place, New York, 





Bound Copies Vol. 6 
“COMPRESSED AIR” 


CONTAINING VALUABLE 
COMPRESSED AIR INFORMATION. 


$2.00. 
Forwarded Postpaid on receipt of Price. 
““COMPRESSED AIR,” 
26 CORTLANDT STREET, NEW YORK. 














AIR COMPRESSORS. 


SEND FOR 
COMPLETE CATALOGUE. 


Clayton Air Compressor Works, 


114 to 118 Liberty Street, 
NEW YORK. 








Janney, Steinmetz & Co., 


AND TANKS 
For Air, Water, Steam, Gas, Soda, 
Ammonia or Fluids under Pressure 
and Explosives. 


SEAMLESS STEEL TUBING, HEAVY SECTION 
TUBES, HYDRAULIC FORGINGS FOR 
CREAM SEPARATOR BOWLS, 
SEAMLESS STEEL TESTED 
TANKS OF SUNDRY 
DIAMETERS. 


DREXEL BU!LDING, 


o——————_ PHILADELPHIA. 
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e 
COLD DRAWN, HOT PRESSED 
AND FORGED 
STEEL SHAPE 
AND SPECIALTIES 
SEAMLESS COLD DRAWN 
STEEL SHELLS, CYLINDERS 





THE PAXSON-WARREN 
Sand Blast Machinery 


For Cleaning Iron,’ 





Brass and Steel 
Castings 

For Cleaning Bridges 
and Steel Cars pre- 
paratory to Painting 


CORRESPONDENCE 
SOLICITED 
MIXER 


J. W. PAXSON CO. 


Foundry Supplies and Equipment 
PHILADELPHIA, PA. - 
































AIR 


COMPRESSORS 


FOR ALL KINDS 
OF WORK 


be . ; Pee aw eee 
Class ‘‘ AC 3” 3-Stage Air Compressor. 


Rock Drills 


FOR HARD OR SOFT ROCK 


Class ‘* AC’ 2-Stage Air Compressor. 


THE 


INGERSOLL-SERGEANT 


DRILL CO., 
26 Cortlandt Street, N. Y. 























CHIGAGO PNEUMATIC TOOL CO. 


CENERAL OFFICES, FISHER BUILDINC, CHICACO 
Eastern Offices, 95 LIBERTY STREET, NEW YORK 


Manufacturers of 


Pneumatic 


Labor Saving 


Devices 


of every 
——— description 


and Standard Quality 


Write for our Compressor Catalog 


AIR COMPRESSORS BUILT IN ALL CAPACITIES 
COMPLETE AIR PLANTS INSTALLED AND SATISFACTION GUARANTEED 





























THIS IS THE AGE OF PNEUMATIC TOOLS! 


Long faces and long pay-rolls gotogether. Time saved, money saved, 
better work accomplished—Pneumatic Tools are profitable 
and no question about it! 
TOOLS THAT DO THE WORK AT LOW PRICES. 
Q. & UC. RIVETERS, HAMMERS, DRILLS, YOKE RIVETERS, 
HOISTS, ETC, 
THE QO. & C. COMPANY, 


114 Liberty Street, Western Union Bldg., 
NEW YORK. CHICAGO, 











AIR COMPRESSORS | 


FOR OPERATING 
PNEUMATIC TOOLS, 
HOISTS, ROCK DRILLS, 
and every other application of Compressed Air 


BREWERS’ AIR PUMPS, 
AIR LIFT SYSTEM. 


AMERICAN AIR COMPRESSOR WORKS, | 


Send for Catalogue. 26 Corntianor Sracer, N.Y 
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